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FORMS « or » CRYSTALS, 


11 1 


PARTICULARLY DAPED or 


THE SPATHACEOUS KIND. 


"OF >, 


$ "K Infinite y, HEY fo the Fo rms 75 of Cry 


RYSTALS are bodies which, though. 
deſtitute of organic ſtructure, yet ex- 


ternally reſemble geometrical figures, more 


— 


or leſs, regular. If we. attend to the nu- 


merous collections of theſe, we ſhall be ready 


to conclude, that nature has effectually | 
eluded our reſearch by the infinite variety ; 


for frequently bodies widely differing in 

their nature and properties reſemble one an- 

other in figure; © þ on the contrary, thoſe 

which are Regt alike in ren, 1 
Vor. II. B 


* 


2 ox THE FORMS OF CRYSTALS, 


\ | | 
on external appearances entirely different ; 
yet, upon a careful examination and com- 


pariſon of this variety of figures, we ſhall 


find, that a great number of them, though 


their ſurfaces differ with reſpect to their 


angles and ſides, may be derived from and 
referred to a very ſmall number of ſimple 
figures. | „ ( 
Unleſs thoſe figures, which are not im- 
properly called primitive, be thoroughly in- 
veſtigated, the whole doctrine of cryſtalliza- 
tion will ſtill continue to be, as it has been 
heretofore, a perfect chaos; and thoſe who 
undertake the deſcription or methodical diſ- 
tribution of cryſtallized bodies, will in- 


_ evitably loſe their labour. For a ſeries of 


years I have conſidered this intricate ſubject 


with much attention; and I hope that my 


efforts have not been altogether void of ſuc- 
ceſs. I proceed to exhibit ſome ſpecimens. 


_ chiefly from the order of ſpathaceous cryſ- 


tals, and ſhall then endeavour to explain. 
(as far as can be done upon a plane ſurface) 


how the ſpathaceous cryſtals, ſuitably ag- 


glutinated together, may form the great 
variety of diſſimilar bodies which are to be 
found among cryſtals. 


F 11, | Various Figures derived from the 
8 Hat baceous Form, 
The calcareous ſpar, as is well known, 
_ conſifty of a teſſera, or oblique parallelopi- 
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ped ; all whoſe planes are rhombi of un 
a kind, that the obtuſe angles are equal to 
1017, and the acute to 78z3*. Let us now 
| ſee how, by a proper accumulation of ſueh 
ſimilar parallelograms, cryſtals of el n 
oppoſite forms may be generated. 575 
(A) Let Ac E Go, fig. 1. tab. 1. re 

ſent a ſpathaceous nucleus, through whole 
oppoſite angles, D o, the axis nm © paſſes: 
let us ſuppoſe, that contiguous” rhombi are 
applied to this, above and below ; and that 
theſe rhombi are equal, ſimilar, and parallel 
to the ſubjacent planes of the nucleus; 


theſe, to avoid confuſion in the figure, We 


ſhall only repreſent by the rhombi M , M Qs 
and Mr, which will be ſufficient for thoſe 
who are ſkilled in geometry and eg 
tive. | 
By this method an hexwedral priſm | is 
generated, conſiſting of ſix equal and ſimilar 
parallelograms, and terminating at both ends 
in three rhombi, which unite, and form a 
ſolid angle: this form of cryſtallization be- 
longs to ſome of the calcareous tribe, but 
more particularly to ſchoerls; it is therefore 
called the ſchoerlaceous form. | ' 
(n) If the accumulation of the planes i is 
ſtopped when the ſides of the priſm have 
acquired a rhomboidal nature, we ſhall have 
a dodecaedron included by rhombi : this iz | 
the uſual form of garnet, when perfect. 

(e) The . BD is eaſily changed 
into "4 


— — — — 
_ — A _ 
2 —ö—é—x— - . 
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into another, . into Yar in which the 
hyacinth often preſents: itſelf : this is ef- 
fected by the regular application of equal 


and ſimilar rhombi to each of the Loli? an- 


les, which are compoſed of four planes, 
157 the garnet has ſix ſuch, when complete 


as to figure, and eight with three ſides; let 


fig. 2, be conſulted, where the dotted lines 


expreſs the geneſis of the priſm more intel- 


ligibly than words can poſſibly do. In this 
operation the four rhombi are changed into 


an equal number of oblong hexagons: L H 
A B into L f h a b B, &c. &c. &c. 


(D) Sometimes planes are applied, Gmilar 


indeed to the fundamental planes, but de- 
| creaſing according to a' certain law: this 


decreaſe, whether owing, as is moſt proba- 
ble, to a deficiency of matter, or to ſome. 
other cauſe, muſt neceſſarily change the ap- 


pearance of the terminating! planes, and oc- 


caſionally either augment or diminiſh their 
number. Let us now return to fig..1.,—ſup- 
pole ſimilar planes, but continually decreaſ- 


ing (M p, M q, M t), applied to the internal 
nucleus, theſe will ultimately end in an 


apex on both ſides; ſo that, inſtead of a 


priſm, we ſhall have. a double pyramid; one 


tending upwards, . the other downwards: 


at the ſurface the planes which meet form 
interſections or common baſes, whoſe angles 


_ alternately tend upwards and downwards, as 
in n by GFEACBG: this is the form 


of 


4 
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of the e cryſtals, which are called 
by 7 miners pig tooth boy 0 dentes 

illi 
N It is evident, that the axes: of the pyra- 
mids are the longer, in proportion as the 
rhombi decreaſe more N and the con- 85 
| l. 2321 
If the Slade Ades is Hopi a : 
the ultimate fides of the accumulated planes 
vaniſh, truncated apices will be On 
of which frequent examples occur. | 

In the calcareous pyramidal -cryſtal juſt 

deſcribed; if the dorſal margins A H, B RH, or 
F H, be cautiouſly ſtruck, they break off in- 
to ſpathaceous teſſeræ; but this is not the 
caſe with the alternate margins CH, EH, 
and G u, which it is ſcarce poſſible to bring 
to that ſtate; the reaſon is evident — in 
the former caſe the direction of the blow is 
parallel to the accumulation of the planes; 
whereas, in the latter, it meets the in terſection 
of two planes: this property alſo obtains in 
the lower pyramid, with this difference, how- 
ever, which neceſſarily reſults from the very 
ſtructure, namely, that the margin A 1 muſt 
produce a directly oppoſite effect from the 
margin An; and the ſame is true of the 
reſt, mutatis miutandis. Engr 

| (E) Frequently, alfo, the eee T 
planes themſelves are imperfect; if, in this 
caſe, planes ſimilar to them be added, forms 


of eryſtals muſt be generated more or leſs _ 


1 the perfect 8 of this | 


1 5 
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are very numerous; but in this place it will 
be ſufficient briefly to explain a few... 
Let AB CG DE d, fig. 3, repreſent the 
three rhombi which conſtitute the apex of 
a perfect ſchoerlaceous cryſtal ; let us now 
ſuppoſe the rhombus A 6 truncated. i in the 
direction of the line ab; c along o d; 
and E & along e f. This being the caſe, the 
regular hexagonal figure of the priſm a B c 
DE y is changed to an irregular one, a b BE CC 
d pe fr, conſiſting of nine unequal ſides, 
whoſe apex is compoſed of three irregular 
pentagons, ab BGF, od 3B, and e f r 
G D. I haye now in my poſſeſſion cryſtals 
of this form, both calcareous and ſchoerla- 
| ceous: to this claſs may be referred in ge- 
| neral the rough turmalins, particularly thoſe 
| of Tyrol and Ceylon, of which we ſhall 
{peak more exprefsly () hereafter. 
It is obvious that pentagonal periphery 
a b Ox approaches more nearly to trian- 
gular, in proportion as the diſtance between 
a b and B r grows leſs; the ſame is true of 
the reſt : and when theſe diſtances become 


— , 


|= evaneſcent, a triagonal priſm is formed, ter> 


minated by three triangles: if the cutting line 
a b, cd, e f, approach ſtill nearer to the 
center 6, and equally, the form {ill remaing 
the ſame. 

(r) The garnetic 6 gure may be conceived 
af that of an hexaedral priſm, terminated at 


10-7 De Terra Turmalini Ef 
5 7 each 


, 
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each end by three rhombi, meeting at the 
apex; and it may be compoſed of four equal 
ſpathaceous teſſeræ properly adapted; I have 
ready mentioned its geneſis (3); and its 
form is marked by the capital letters in fig. 4. 
If now, in the place of complete rhombi, 
we ſuppoſe accumulated in the ſame man- 
ner about its axis others, whoſe three ex- 
ternal angles are truncated, or, which is 
the ſame thing, if the longitudinal margins 
of the priſm be cut by planes parallel to the 
axis, a dodecaedron will ariſe, conſiſting of 
pentagons, which are indicated in fig. 4. by 
the ſmall letters. Calcareous cryſtals of 
this kind ſometimes” occur, but they are 
generally ſo low, that e nearly coincides 
with a, c with d, &c, ; ſo that the pentagon 
abcde becomes almoſt of a ' triangular 
figure, which is the figure attributed to 
them by ſome authors, who are ignorant of 
their true nature. Among the pyritacea we 
may ſometimes obſerve inſtances of this 
variety complete. 
Sometimes all the margins of the garnet 
are truncated, ſo that the number of in- 
cluding ſides increaſes to twenty- four ob- 
long hexagons ; a change which may eaſilxßx 
be derived from the poſitions already laid 
down. If the interſection c d, of the planes 
ec and c r, falls without the plane B G, 4 
figure of a very different kind will be gene- 


rated. | „5 
* „„ WII. 
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() Thehyacinthine figure (art. ©) alſo 


ſometimes labours under defects peculiar to 
itſelf, I ſhall mention one very remarkable 
variety which is met with in Hartz mines (5): 
there the cryſtals ſometimes appear of a cru- 
ciform figure (A BCD/EFGCHIK IU M. 
fig. 5.); the apex is at c, the figure AB © 
bc a is all in the ſame inclined plane; and 
that is the caſe with the other three homo- 
logous figures. Now, in order to inveſti- 


gate the primitive form, let the rhombi c x, 


co, c P, and c Q be completed there, to an 


eye placed high in the axis, paſſing through 


c, will appear like ſquares ſituated in the 
ſubjacent plane, and we ſhall have the ru- 
diments of this hyacinthine figure : for we 


may alſo conceive the granite form as a qua- 


drangular priſm, compoſed of four rhombi, 
touching one another only in their apices, 
and terminated at each end in four rhombi, 


meeting at the apex. This form, if a little 


otracted, or, what is the ſame thing, en- 


creaſed by applying to the apices ſimilar and 
equal planes, becomes the hyacinthine form, 


and therefore may without impropriety be 

denominated the rudiment of it. 
(u) If the added planes be fimilar to one 

another, but not ſimilar to the fundamental 


| om prodigious varieties will ariſe from 


nce; but I think it unneceſſary at pre- 


; ( 5 F. Ehrhart, that unwearied obſerver of nature, 


ſent me ſome of theſe ; they are ſiliceous, not calcareous, 
though they have the appearance of the latter. 


ſent 
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| ſent to multiply examples, as what has been 

already ſaid, if well underſtood, will be 
found abundantly ſufficient» to thew how, 
by a plain and ſimple method, many other 
figures may. be reduced to the e 
forms. 5 
(1) If any one imagines dhis e to 5 
be purely geometrical and ſpeculative, let 
him carefully examine the calcareous cryſ- 


tals; the looſe texture of which, if caus 


tiouſly and ſkilfully broken, will complete- 
ly ſhew the internal ſtructure (c): as to the 
harder cryſtals, endowed with the forms 
above mentioned, their parts cohere ſo ſtrong- 

ly that they can ſcarcely be broken: the 

ſchoerls exhibit the ſpathaceous texture 
very plainly; and there is no doubt, but the 
garnets themſelves are compoſed of la- 
mellæ, as will — Mo. pr to an atten. 
tive eye. 55 Wo 

(x) Finally, we. may. add one W 
obſervation concerning priſmatic and hexa- 
gonal calcareous cryſtals, truncated perpen- 
_ dicularly ; ſuch ſometimes occur, and they 
cannot derive their origin, in the manner 
above deſcribed, from the ſpathaceous par- 
ticles, and by no other way can hexagonal 
priſms be generated: what then is the cauſe 
which deſtroys their apices ?—T confeſs this 
to be a queſtion which I am wholly unable 


(e) My pupil, Dr. Cann. firſt obſerved the central 
nucleus in pyramidal calcareous cryſtals, 


7 | to 
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to anſwer, unleſs we may aſſume an accu- 
mulation. of planes, more and more defi- 
cient around the axis. We may from hence 
conclude; that ſomething unuſual occurs, as 
the truncated extremity is opaque, while 
the reſt of the priſm is tranſparent ; but the 
upper hexagonal ſection is ſmooth and po- 
(.) We have ſeen then priſms of three, 
Four, ſix, or nine ſides, occaſionally termi- 
nated by various apices : we have ſeen py- 
ramidal, dodecaedral, cruciform, and other 
very different figures, generated from the 
ſame ſpathaceous form: beſides, we ſhall 
obſerve, that theſe almoſt all occur, though 
the nature of the ſubſtance remains the ſame; 
and from thence we ſhould be induced to 
put but little confidence in figure. If then 
this teſt, which undoubtedly is the moſt 
remarkable, ſo far as externals reach, is of 
ſo little uſe, of what value can the others 
be and with what ſucceſs can we hope to 
form a ſyſtem of mineralogy upon ſuch diſ- 
tinctions? External criteria ſhould certainly 
not be neglected, but he who truſts impli- 
_ citly to them deceives himſelf :: they may, 
to an experienced obſerver, yield ſome aſ- 
ſiſtance, but can never ſerve to determine 

NL ß 


p un. Struo: 
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8 III.  Strutfure * the mb minute 
IT. 1 Fart. | 


As ft great a „ of forms may be 
produced by the ſpathaceous particles accu- 
mulated jn different ways, it is probable 
that the differences of all cryſtals, with re- 
ſpect to externals, are owing to varieties in 
their n Wee elements. But here a 
queſtion may properly be ſtarted, —whether 
the moſt minute molecules, and as it were 
the ſtamina, are naturally poſſeſſed of a de- 
terminate angular figure, or Whether they 
firſt acquire jt during cryſtallization ?—In 
| anſwer to this queſtion I beg leave to men- 
tion ſome circumſtances which occurred to 
me in the courſe of obſervation, 

(a) If the ſmall particles which ſeparate 
from lime-water, when expoſed to 570 air, 
be inſpected with a microſcope, they will 
be found ſpathaceous. | 

(z) The greater ſpathous teſſeræ, when 
accurately examined, are frequently found 
with ſtriæ running diagonally (ſuch as we 


| © ſhall hereafter find appear in faline cryſtals) 


which diſcover their internal ſtructure, _ - 
(c) The cubes of common falt not only 
exhibit diagonal ſtriæ, but frequently, upon 
kach fide, they ſhew ſquares parallel to the 

external "ſurface, and gradually decreaſing 
inwards (fig. 6) ; circumſtances which 
ſhew the veſtiges of their internal ſtructure: 
toe 
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for every cube is compoſed of fix quadran- 
gular hollow pyramids, - joined by their 
apices and external ſurface; each of theſe 
pyramids filled up others fimilar, but gra- 
dually decreaſing, completes the form. By 
a due degree of evaporation it is no difficult 
matter to obtain theſe pyramids ſeparate 
and diſtin& (as in fig. 7), or fix of ſuch, 
either hollow, or more or leſs ſolid, joined 
together round a center; this is the whole 
courſe of the operation, from beginning to 
end. All this is true of the ſalited vegetable 
. alkali, commonly called ſal digeſtivus ſyl- 
vii; of the cryſtallized luna cornea (4); of 
the galena, or ſulphurated lead, which is 
frequently to be generated at Fahlun in the 
heaps, roaſted, as it is called ſub dio frigide ; 
quadrangular nitre too, which is of the ſpa- 
thous form, produces a fimilar congeries of 
pyramids, and theſe almoſt equally diſtinct 
with the preceding cubic cryſtals. A ſolu- 
tion of alum, upon evaporation, does ge- 
nerally produce ſolid octaedra; but ſome- 
times it alſo exhibits hollow pyramids, and 
upon ſuch of them as are complete the junc- 
- tures are very diſtinctly marked by conſpi- 
„ „ aug: : 
(p) Sometimes too other ſalts indicate 
the fame conſtruction by viſible diagonals. 
The Rochelle falt forms an hexagonal 
' priſm; a ſection of which is ſhewn by fig. 8: 


when 
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when this kind of cryſtal is complete, the 
manner of arrangement among the internal 
particles is entirely unknown; but when the 


cryſtal is formed on the bottom of the veſ- 


ſel, the lower fide cannot be perfect (fig, 9); 
and this parallelogram exhibits two diago-—- 
nals diſtinctly (fig. 10.) This is alſo the caſe 
with the ſalt . from human urine, 
which is called microcoſmic. ſalt: beſides, 
we ſhould obſerve of the vertical triangles, 
that they are alternately tranſparent and 
opaque in pairs; Which plainly points out 
a difference in the ſituation of "their: ele- 
ments. I have alſo ſome. eryſtals of nitre 
marked with diagonals, a circumſtance. 
which in others is generally concealed * | 
the cloſe connection of the particles. 

(E) If we examine the hollow Pyramid 
of; common ſalt : farther, we ſhall find it 
compoſed of four. triangles, and each of 
theſe formed of threads parallel to the baſe; 
which threads, upon accurate examination; 
are found to be nothing more than ſeries of 
ſmall cubes: therefore, although the above 
circumſtances ſeem plainly to point out the 
geneſis of all cryſtals, from the union and 

coheſion of pyramids, whoſe ſides, being 

different in form and magnitude, occaſion 
the differences of forms; it yet remains un- 
certain whether the ſame internal ſtructure 
takes place in thoſe whoſe minuteneſs renders 
them totally inviſible ; and whether the pri- 
may ſtamina poſſeſs a determinate figure, or 


are 
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are compoſed by the union of many hw 3 
leſs particles. We have long known that 
the ſmalleſt concretions which are viſible 
by the microſcope, poſſeſs a determined fi- 
gure; — but theſe are compounds: in the 
mean time, until this veil is in ſome meaſure 
at leaſt removed, we cannot avoid comparing 
the proceſs of cryſtallization with the con- 
gelation of water. ee me 
While the watery particles are concreting 
they exert a double tendency; by one of 
which they are formed into ſpiculæ, by the 
other theſe ſpiculæ are ranged in ſuch a 
manner, with reſpect to one another, as to 
form angles of 60*: from hence the varie- 
ties obſerved in the particles of ſnow may 
be eaſily explained. The moſt ſimple figure 
is that where ſix equal radii diverge from 
a center, in the angle above-mentioned 
(fig. 11.) (e); the ſame angle will be pre- 
ſerved if the extremities of theſe be joined 
by right lines; which will alſo be the caſe, 
if each of the triangles, thus formed, be 
filled with right lines parallel to the baſe 
fig. 12. I have alſo ſeen hexagonal figures 
in ſnow ;—but this by the bye. 
Let us now ſuppoſe the particles which 
are employed in cryſtallization endowed 
with a tendency to form ſpiculz, and theſe 
ſpiculæ with a tendency to arrange them 


(+) Mairan on Ice. 
ſelves 


or THE FORMS OF CRYSTALS. 15 


ſelves at equal angles of inclination, and we 
ſhall have both the triangles and the pyra- 
mids WA we of them, even althoug the 
primary ſtamina, had not a determined fi- 
gure; as the angles of inclination vary, the 
triangles and pyramids will alſo vary; and 
hence the different forms of cryſtals will be 
produced, which may to a certain degree be 
inveſtigated geometrically, the angles being 
wen. | * 3 | i 1 
We have hitherto ſuppoſed the exiſtence 
of a double tendency, becauſe the effect 
ſeems to be twofold; but both theſe effects 
may undoubtedly be owing to the ſame 
cauſe, namely, to a mutual attraction be- 
tween the particles, which, according to va- 
rious ſituations and peculiar figures of the 
atoms, at one time arranges them in the form 
of ſpiculz, again connects the ſpiculæ already 
formed under equal angles of inclination. 
I conſider the mechanical elements as ex 
iſting under determinate and peculiar figures, 
as, upon any other ſuppoſition, I find it im- 
poſſible to aſſign a cauſe which ſhould ar- 
range different ſubſtances under different 
angles, and yet preſerve theſe angles always 
conſtant in the ſame ſubſtance. But I do 
not wiſh to examine this conjecture any 
further, though it appears to me to be pro- 
bable ; becauſe powdered reſin, which muſt 
doubtleſs conſiſt of particles of a great va- 
riety of forms, when ſprinkled on an electro- 
e phorus 
5 | 
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phorus is, by tlie electric fluid, ve into 


9 "on. Like: thoſe WHAT NS., I 


31 IV. . how many Arent 2 ays c 
ani gener ates.” 


1 


In order that the mnie may tbe. ar- 
ranged, by the power of attraction, into de- 
terminate ſymmetrical forms, it is neceſſary 
that they ſhould be at liberty, and very eaſily 
moveable. The beſt method of obtaining 
this end is to immerſe them in ſome fluid 
of nearly the | ſame ſpecific gravity with 
themſelves (g): this may be done in three 
different ways; 1. by water; 2. by a li- 
quefying heat; 3. by a volatilizing heat.— 
Theſe we ſhall conſider in order. 

(A) The moſt; common method of cry yi 
tallizing i is by means of water, as it cafily 
takes up ſaline matters, and, upon being 
ſufficiently diminiſhed by evaporation, yields 


them again in a concrete ſtate ;, nay, until 


now it has been thought, that without this 

vehicle no cryſtals could be obtained. 
But it is not only When actually diſſoly- 

ed in water that they require determinate 


forms; this, unleſs I am miſtaken, is alſo 


the caſe when they are only ſufficiently at- 
tenuated and mixed wigh it: for ſubſtances 


f) Licktea 2 firſt obſerved theſe e lar. EA 
8 Moryeas 4 Pere 2 8888 1 


not 
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not ſoluble in water will yet remain ſuſ- 
pended in it, if by ſufficient "diviſion they 
fave acquired ſo great a ſurface, in po | 
tion to their maſs, as to approach the ſpe- 
cific' gravity of the fluid: now ſuch par- 
ticles doubtleſs poſſeſs attraction, they alſo 
poſſeſs the neceſſary degree of mobility; 
no reaſon therefore appears why they may 
not form cryſtals. And it ſeems highly 
probable that many of the earths which oc- 
cur in the mineral kingdom ſymmetrical 
and of a regular form, have re erage in this . 
Ways | . 
A mechanical mixture anch a trhe folu- 
tion ſhould be' carefully diſtinguiſhed;' al- 
though they agree in weight. In the for- 
mer caſe the particles, if collected and laid 


upon the bottom of the veſſel, will remain 


there, unleſs diffuſed by agitation. A ſub- 
ſtance which is ſoluble, on the contrary, is 
totally and ſpontaneouſly diſtributed throu gh 
the menſtruum, even without any agitation ;' . 
though the operation is certainly accele- 
rated by Solos 
() Cryſtals may frequently be Gene 
by fuſiofi and ſlow cooling : the matter of 
heat, in ſufficient quantity, penetrating ſolid 
bodies which are not organic, ſoftens and 
liquefies many of them; for when it pene- 


trates and looſens the texture of the maſs, 


it communicates mobility to each of them, 
ſo that upon ſlow refrigeration they are in a 
condition to obey the laws of that con 
Vor. ä L witch 


—— * 
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Which tends to arrange them in a regular 
manner: thus ſulphur, when melted and 
cCooled, exhibits ſtriæ, and at the ſame time 
acquires an electrical property: biſmuth, 
zinc, and regulus of antimony, acquire a ſort 
of teſſelated appearance; nay, the laſt of 
- . theſe, when ſet to cool in a conical mold, be- 
comes ſtellated, not only on the upper ſur- 
face or baſis of the maſs, but along the 
whole axis. Glaſs, if melted and ſlowly cool- 
ed forms beautiful cryſtals (4). I have taken 
the ſcoriæ from furnaces where iron was 
fuſed, by the addition of a calcareous ſtone, 
and have ſometimes found them of a regu- 
lar priſmatic figure. When crude iron is 
beg with lime, I have found complete 
octaedra in the ſcoriæ. 

In large metallic maſſes, ſuch! eſpecially 
as are difficult of fuſion, the lower particles 
are generally ſo much preſſed by the weight 
of the ſuperior, that they ſhew no ſigns of 
cryſtallization, although on the upper ſur- 
face of gold, filver, iron, and others, beauti= 
ful cryſtals are formed. _ 

Tt will perhaps be thought extraordina- 
ry, by thoſe who have not well weighed 
the matter, that I ſhould refer the congela- 
tion of water to an operation of this ſort ; 
but we muſt conſider, that it is by means of 
the matter of heat that water is fluid 2 / 

an 
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(b) Keir, Phil. Tranſ. for 17767 
(i) Phlogiſton, the matter of heat, and fire, ought to. 


be carefully diſtinguiſhed : PE ns combined with pure 
air 
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and that when this matter is diminiſhed to 
a certain degree, it cryſtallizes and becomes 
ice. We have before (F 111. s.) compared 
congelation to cryſtallization : in this place 
we ſhall add another mark of reſemblance. - 
Snow or ice, put into hot water, by its ſo- 
lution abſorbs a quantity of heat, equal to 


2* of our thermometer: the cryſtallized _ 


neutral ſalts produce the fame effect, that is, 
they make the water colder, although the 
ſalts and the water had been kept in the 
ſame place for many days: for by diſſolv- 
ing they acquire a larger ſurface, and by 
that means are able to take up and retain a 
portion of the matter of heat ; which, being 
fixed, loſes its power of heating, and conſe- 
quently the thermometer ſinks when put 
into the water. Hence it follows, on the 
other hand, that the heat ſhould be in- 
creaſed during cryſtallization ; and this in- 
crement is eaſily obſervable when a large 
quantity concretes at once: in conereting 
the ſurface is diminiſhed ; hence, ſo great a 
quantity of the matter of heat cannot be re- 
tained :; what is ſuperfluous, being ſet at 
liberty, recovers its property of heating, 

which it accordingly exerts, - and that in 
proportion to its quantity. | 


air in a certain proportion, conſtitutes the matter of heat: 
fire is the action by which a proper body is deprived of 
phlogiſton, by means of pure air, with ſuch vehemence 

as to generate not only heat, but flame, £ 


22855 „ a oe 
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' _—_— (c) Heat not only liquefies but volati- 
| i | lizes certain bodies: the material cauſe of 
heat penetrates the integrant parts, expands, 
attenuates, and, by its union with them, 
renders them ſo light, that they mount in 
the air: particles, after undergoing this 
roceſs, when during cooling they are ſuf- 
ficiently at liberty, often obey the laws of 
attraction, and form eryſtals: to this claſs 
we may refer thoſe which are condenſed. 
from the vapours of regulus of. antimony, 
called the flores argentini. The galena, 
which 1s frequently interſperſed among the 
copper ore, at Fahlun, from the heaps which 
are there roaſted without heat, ſends forth a 
vapour which condenſes on the upper ſtra- 
ta, forming hollow pyramids, which form 
the baſes of the cubes of galena, entirely 
ſimilar to thoſe. eh compoſe common 
ſalt. 

In the heaps of ore of arſenic which are 
expoſed to the fire at Loefa, I have collect- 
ed extremely beautiful white, yellow, and 
red cryſtals, partly tetraedral, partly octa- 

edral: ſome of theſe exhibit hollow pyra- 
mids, whoſe ſides conſiſt of threads parallel 
to the baſe, preciſely in the ſame manner as 
2 1 formed in the humid way (F 111. _ 
; ſo that through the whole proceſs of 
oxi, a mechaniſm every where 
the fame, and analogous to cryſtallization 
ſeems to be employed : — nor let any one 
banc that theſe are to be conſidered as. 


* 
monſtrous 
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| 800 productions, which throw no 
light upon the theory of cryſtallization; for 
theſe cryſtals, when complete, frequently 
ſhew the junctures of the pyramids, by very 
diſtinct lines; and, by proper addreſs, we 
may be able to ſee the proceſs through its 

various ſteps, from the firſt rudiments to 

the completion of the whole operation. If 

this ſtructure, as is very probable, takes 
f. ace in all, yet it will not contradict what 

has been already ſaid concerning the ſpath- 

ous form, as elements of the ſpathous 
figure, properly applied, may readily form 
pyramids fit for this purpoſe. | 
A priſm of any kind may be formed by 
the apices of proper pyramids, meeting to- 
gether in proper number round the ſame 
point; and the apex may alſo be formed by 
a fingle pyramid, its vertical angle being 
turned outward : thus a four-fided priſm, 
with ſimilar apices, may ariſe in many ways: 
thus to the cube, indicated by the letters 
ABC p, fig. 15. let there be applied on 
each ſide the quadrangular pyramids A B E, 


and DCF; and we ſhall have the priſm re- 


quired. In this way common ſalt ſome- 
times, though very ſeldom, acquires an apex 


(4). Let us ſuppoſe applied to one or both 
apices of the octaedron A c B p, fig. 16. a 


hollow pyramid a d b, but ſimilar and equal 
to the fundamental figure ; ; and the ſame 


: (#) Capeler, Prod. Cry/tallographie, t. iii, 12 1 
C 3 „ | 6-4 
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figure will be produced: however, I muſt 
_ © confeſs, that I have never ſeen alum priſmatic, 
though often conſiſting of octaedra imper- 
fectly joined, fig. 17. A four- ſided pyra- 
mid may be compoſed of four tetraedra, and 
conſequently a cube of 24; and it has alſo 
a double apex of 32. Thus we have a 
new conſtruction, which undoubtedly ſome- 
times takes place; for, as I have already 
ſaid, arſenical cryſtals take ſometimes the 
tetraedral, ſometimes the octaedral form, 
which may therefore eaſily be mutually 
changed. Hes: e 
It is with leſs: facility that hexagonal 
priſms are formed of ſuch pyramids as have 
the ſame number of ſides, unleſs tetraedral 
be admitted. In fig. 18 four hexagonal 
pyramids and fix tetragonal meet ; the firſt 
are eaſily reſolved into fix, and the latter 
into four tetraedra (fig. 19.) ; forty-eight of 
which conſequently make up the whoie 
maſs, ſuppoſing this to be the method fol- 
lowed by nature. I have no doubt that 
this conſtruction is probable, on many ac- 
counts, for it requires only the moſt fimple 
elements, and ſuch as are conformable to the 
figures of all cryſtals. That tetraedra, adapt- 
ed to this purpoſe, have ſometimes diſſimilar 


and unequal fides, makes not againſt the 


ſuppoſition : but what is moſt to the pur- 
pole, is, that ſometimes ſuch tetraedra are 
employed without the ſmalleſt doubt. All 
theſe circumſtances are of no ſmall weight ; 

* 5 but 
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but fo long as no traces of tetraedra are to 
be found among the pyramids of common 
ſalt, the laws of ſound reaſoning forbid us 
to draw any general concluſion : it is better 
to purſue actual obſervations than fiftions, 
however ingenious : better cautiouſly to exa- 
mine the myſteries of nature, than” haſtily 
and preſumptuouſly to decide. I am per- 
fectly certain that nature does frequently 
_ employ pyramids in this operation: it re- 
mains for future experiments to determine” 
whether this be always the caſe, &c. I have 
been intent upon the mechaniſm of the con- 
cretion during a very aſſiduous examination 
of ſalts. I have related the principal phæ- 
nomena which appeared, and at the fame 
time have interſperſed various obſervations ;' 
wiſhing that more ſagacious obſervers may 
hereafter completely diſcover the ſyſtem of 
corpuſcular attraction, which 1s particularly 
obvious, and as it were palpable, in-cryſ- 
tallization. 7 1 15 


$ v.. Whether Cryſtallization neceſſarily im- 
Plies the Preſence of a Salt. 


Some of the moderns, conſidering that 
many ſalts affect an angular form, and fre- 
quently one of a conſtant and permanent 
kind, ſuppoſed this property to belong ex- 
clufively to ſalts; and when they met with 
any bodies ſimilarly figured, they attributed 
this figure to a ſalt which they ſuppoſed 
s 1 8 concealed 
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| e in that body bat judgment we 
are to form of this opinion, will appear 
from the following conſiderations. 

(A) As cryſtallization is the effect of at- 
traction; and as all other matters, as well as 
ſalts, are ſubject to the laws of that attrac- 
tion, we are not authorized to conſider the 
regular and ſymmetrical figure as peculiar 
to ſaline bodies, although the aſſumption of 
ſuch figure be more readily and frequently 
exerciſed by them, as being ſoluble in water. 
But cryſtals are produced by ſuch other me- 
thods as can ſufficiently divide and diſen- 

gage the integrant parts (& IV. B and c.) 

(3) Upon examining falts it will plainly 
appear, that thoſe which are moſt ſimple, 
and poſſeſs the ſaline properties in the moſt 

eminent degree, coaleſce with the greateſt 
difficulty. The truth of this aſſertion is 
evinced by the mineral acids and the cauſtic 
alkali, which, when pure, and freed as much 
as poſſible from every heterogeneous matter, 

it is ſcarce poſſible to reduce to the form of 
cryſtals. 

(c) The ſimilarity of forms in cryſtals 
does not depend upon the acid; for, to paſs 
over many other examples, the priſmatig 
and quadrangular nitre, which are formed 

by the fame acid, yet conſtantly differ in 
figure :—neither is the baſe ſufficient ; for 
the vegetable alkali, as well as the inincta?” 
ſaturated with marine acid, generates cubic 
ens, The external appearance * 5 
ore 


1 
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fore depends upon the menſtruum and the 


baſe jointly: — we are not, however, from 


thence to conclude that there is preſent a 
neutral or middle ſalt, whenever the figure of 
ſuch a one is diſcoverable. Not the ſmalleſt 
particle of alum is found in lead or nickel 
united with nitrous acid, although both 
theſe compounds yield octaëdral cryſtals. - - 
(D) A great variety is obſerved in cryſ- 


tals, though the matter remains the ſame: 


I have already ſhewn this to be the caſe with 


_ .\ calcareous cryſtals (F 11). In the family of 


the pyrites, cubes are ſometimes found ſtrĩ- 
ated in a ſingular manner, fo that the lines 


1 of one ſide are perpendicular to thoſe which 


diſtinguiſh the four adjacent ſides (fig 13) ; 


but among theſe are alſo found tetraedra, 


octaedra, dodecaedra, and iĩcoſaedra; ſo that 
in this caſe all the regular ſolids are found. 
(E) Finally, a very great number of cryſ- 
tals are either totally deſtitute of any thing 
ſaline, or elſe poſſeſs it in ſuch ſmall quan- 
tity that no l hitherto tried have 
been able to diſcover the ſmalleſt ſenſible 
traces of it. I have in my poſſeſſion hexan- 
gular priſms of mica, which are compoſed 
of parallel lamellæ; the elementary ſpiculæ 
of yrhich are diſpoſed in a ſingular manner 
(fig. 14): gems, granites, ſchoerls, and other 
earthy bodies, are frequently found figured, 
though analyſis can diſcover nothing ſaline. 
The ſame is true of gold, filver, and the 
other native metals; as alſo gold, filver, 
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Jead, tin, biſmuth, and zinc, united with 
mercury, of which all put on regular forms, 
according to the quantity of the mercury (J) 
If we have recourſe to the ſuppoſition of 
an hidden faline ſubſtance, which cannot be 
diſcovered by art, it will furely be unrea- 
ſonable to attribute to ſuch a principle ſo 
great a power as that of arranging the par- 
ticles in the order neceſſary for cryſtalliza- 
tion; a cauſe beyond queſtion unequal to 
the magnitude of the effect: for how is it 
poſſzble that a ſaline matter, the preſence of 
the ſmalleſt atom of which cannot be diſ- 
covered by the moſt delicate teſts, ſhall in 
ure water have yet power to effect the icy 
cryſtallization with ſuch force as to over- 
come the moſt powerful obſtacles ? How 
can a faline matter, which by no teſt can be 
diſcovered, have power, in an amalgam of 
gold, to arrange the ponderous particles of 
both metals in a particular manner ? What 
falt is able to form the ſtellated regulus of 
antimony ? what the hexagonal lamellæ 
of mica ?—Fheſe obſervations will ſuffice 
for thoſe who wiſh to build their know- - 
ledge upon the ſolid bafis of experiment 
to thoſe who indulge hypotheſes, the expe- 
rience of centuries will convey neither con- 
yiction nor information. 2 


(1) Mem. de Chimie, par M. Sage. 


DISSERTATION XH. 


OF 


SILICEOUS EARTH. 


ID $ * 7 
E find it long ſince ole 1 by 
Theophraſtus the Ereſian (a), that 
a moſt excellent glaſs might be formed of 
that ſpecies of ſtone which ſtrikes fire with 
| ſteel, and is called flint; and hence perhaps 
it was, that all ſtones which Joined to alka- 
line falts can form a glaſs, were called vis 
treſcible, There are ſome, indeed, who ex- 
lain this. denomination in another way, 
and conſider it as indicating only the pro- 
perty of melting by means of fire without 


e Pliny, A Hutteres funt, i „ Bath 
& cry/tallo fracto fer (vitrum) & 1 id nullum compa- 


rart ndigo, 
addition, 
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addition. But as vitreſcible earths, when 
alone, are very refractory, the former ac- 
count ſeems to be more probable. 


In the preſent century thoſe ſtones which | 


-had before been called vitreſcible, were 
called filiceous by Mr. Pott, and after him 


by Mr. Cronſtadt. The celebrated chemiſt 


of Berlin, above-mentioned, ſeems to have 
been the firſt who (in 1746) eſtabliſhed the 
genuine criteria of theſe ſtones ; at leaſt he 
determined them more accurately than any 
perſon before his time, and, after aſtoniſhing 
labour, diſcovered their habits, in mixture 
with the various earths and falts (5). Stones 
which are ſo hard as to ſtrike fire, are com- 
monly called filiceous; but this property de- 


pends more upon the connection of the par- 


ticles than the nature of matter itſelf. 


_ - Glauber (c), if I miſtake. not, was the firſt 


who gave a clear deſcription of the liquor 


of flints; though J. B. Van Helmont, in 


ſpeaking of glaſs, aſſerts that if it be made 


with too much alkali it deliqueſces; and that, 


by means of an acid, it precipitates a quan- 


tity of filiceous earth equal to that which had 

been uſed in the making of the glaſs (4). 

. . Siliceous earths have been but little ex- 
amined with regard to their principles and 

compoſition. Geoffroy aſſerts, that by re- 

peated calcination they may be reſolved into 


abſorbent earth (e). Neuman relates, that 


| (b) Gethogeogn. (c) Furn. pars 2. 
4) De Terra. (e) Mem. Par. 1764. 
3 hrs 7 he 
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he obtained from them, by diſtillation, an 
oily empyreumatic ſubſtance, which e 
ſyrup of violets red, and, upon addition f 
concentrated vitriolic acid, diffuſed the ſmell 
of volatile ſpirit of ſalt (): but Ludovici, 
upon diſtillation, obtained, as he. relates, 


from a pound of filiceous earth, two drachms, _ 


of an acid liquor with a ſulphureous odour, 
and the reſiduum by elixation communi- 
cated a ſtyptic taſte to water, from which, 
by alkali of tartar, a tartar was precipitat- 
ed (g). Carl alſo obtained an acid liquat. 
of the ſame kind (5). 7] 
Others ſay that ow have obtained. it 
ſublimed with fal ammoniac, of a variegated 
colour, together with a green liquor. Neu- 
man (i) aſſerts, that he was able, by means 
of vegetable acids, to extract a portion of 
lime from mountain cryſtal, but not from 
quartz; that the acids acted more power- 
fully upon the cryſtals when calcined; that 
of one drachm of the ſofter flint 22 grains 
were diſſolved by concentrated vitriolic acid, 
and by the diluted acid 20; by marine acid 
15; by nitrous acid 16; by vinegar 103 
but that from the harder flints which ſtrike 
fire, nothing was extracted (4). 4 
Glauber (7) imagines, that on diſtilling 


_ | Powdered quartz or flint with two or three 


5 7 ) Prælect. Chem. 
7. Eph. N. C. Dec. an. 6 & 7. | 
(h) 1 Conſp. Chem. t. i. 
2 „ AT IS | 1 | 
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parts of alkali of tartar, it foams. out of the 


' retort, and diffuſes an acid liquor like to 
marine acid in ſmell, but differing from it 


in taſte, and other properties; this liquor he 
thinks is derived from the alkaline falt, 
though Stahl aſcribes it to the ſiliceous 
nuter.: en ee 

Pott aſſerts, that the earth precipitated 
from liquor of flints () by acids, is per- 
fectly ſoluble in them, and that with vi- 


triolic acid it produces alum (2); this was 
_ afterwards aſſented to by Beaume (o), but 


is very juſtly denied by Cartheuſer (5), 
Scheele (), and others (7). The celebrated 
J. C. F. Meyer obſerved (5), that liquor 
of flints, dilated with a certain quantity of 
water, bore acids without precipitation: this 
is a remarkable phænomenon, which will 


be explained hereafter. 


Finally, the celebrated Dr. Prieſtly, who 
is making attempts to reſolve all bodies into 
air, having expoſed filiceous powder, moiſ- 
tened with acid of nitre, to an intenſe heat, 


obtained, in an apparatus prepared for the 


purpoſe, firſt aerial acid, then nitrous air 


and common air, and laſtly air of remark- 


able purity ; and theſe he obtained in the 


m) Contra Ellerum. 
8 Lithog. p. 3. præf. 
(e) Man. de Chemie, 
(p) Miner. abh. theil. 
() Diff. couronnee par la Soc. Mo 
(5) Beſchaft. der Berl. Geſellſch. 
10 - ſame 
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ſame order ſeveral times, on moiſtening the 
maſs afreſn (). 


The illuſtrious Count de Ruffan PRE ate | 


clay as flint minutely divided, and on the 
contrary flint as clay very much condenſ- 
ed; how juſtly, will appear from the ſe- 
quel. We ſhall paſs over the looſe conjec- 


tures of authors concerning the origin of 


this earth; conjectures which are only built 
upon the places where it is found, its ſitu- 
ation, or other circumſtances often very 
trifling; and only obſerve, that pure ſili- 
ceous earth is generated in the diſtillation of 


the mineral fluor with vitriolic acid; a ſub- 


ject which has been ſo ably handled by Mr. 
Scheele. How this geneſis of ſiliceous 
earth is effected we ſhall ae Haan 
in 1ts raten place. e | 


§ 11. Criteria of Silicedits Barth. 


I order to avoid. all future 9 
is neceſſary to begin by defining what is 
underſtood by the term fliceous earth. It 
is that earth which is precipitated by acids 
from liquor of flints, and which, even 
though the acid be ſuperabundant, remains 
undiffolved. Clay i is alſo diflolved by alka- 
line falts, and is alſo precipitated by acids; 
but is again taken up by the acid, if ſuffi- 
cient quantity be added. I ſhall therefore 


(t) Experiments on Air. 


paſs 
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paſs over the latter, and go on to mention 
ſome of the principal properties of the for- 
mer earth, ſuch as are often uſeful to diſ- 
tinguiſh it from others; but I ſhall only 
take notice of a fe properties which may 
ſerve as criteria, The following are the 
moſt remarkable, and ſuch as ſerve to diſ- 
tinguiſh it very eaſily from all others. 
The ſiliceous earth is not acted upon in 
the uſual way by any acid, that of the mi- 
neral fluor excepted. | 
But it may be diſſolved in ed alkalis, 
either by the dry or the humid way; and in 
the former caſe, with violent efferveſcence, 
runs into a glaſs which is ſo much the 
harder as the ſiliceous earth, by means of a 
due degree of heat, conſtitutes a larger pro- 
portion of the whole maſs. With + alkali 
a clear and very hard glaſs is obtained ; but 
with double or triple the quantity, a vitri- 
_ fied maſs, which attracting the moiſture of 
the atmoſphere, deliqueſces ſpontaneouſly. 
It cannot be fuſed when alone by the 
moſt violent ordinary fire, but is diſſolved 
by the addition of borax, without efferveſ- 
cence; it is alſo taken up by the microcoſmic 
_ een far more Oy and i | 
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F 111. Its Habits with Acids. 


The earth newly precipitated from liquor. 
of flints, when waſhed and ſtill wet, cannot 
be diſſolved in the common acids, ſuch as 

vitriolic 
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vitriolic, nitrous, and marine, although in 
that ſtate its ſurface is increaſed as much as 
poſſible; and although to each part of 
earth 1,000 of concentrated acid were added, 
and boiled for an hour, the filiceous maſs, ' 
| When afterwards collected and waſhed, re- 
mains of the ſame bulk as before, and the 
menſtruum. is not impregnated with the 
ſmalleſt particle- | F 5 

This is ſtrictly the caſe with regard to 
pure filiceous earth; but if three parts of 
alkaline ſalt be melted in a common cruci- 
ble with one of quartz, the falt diſſolves at 


the ſame time about o, oy its own weight of 


the argillaceous matter of the veſſel, which 


are precipitated by acids, and re-diflolved 


upon adding a ſufficient quantity of the acid 


menſtruum : but it is obvious that in this 


caſe the argillaceous clay is a foreign admix- 
ture, and by no means a conſtituent part of 
the liquor of flints. If the operation be per- 
formed in an iron veſſel there will be no ar- 
gillaceous earth obtained, however often the 
experiment be repeated. There is certainly a 
portion of clay, though extremely ſmall, 
which is always found in quartz itſelf ; but 
the filiceous earth precipitated from liquor of 
flints, and freed by an acid from all hetero- 
geneous matter, though afterwards repeat- 
edly fuſed with fixed alkali in an iron veſ- 
ſel, will not yield even the moſt minute por- 
tion of clay; theſe different caſes ſhould be 
well obſerved, leſt we be led into an erro- 
, NJ 55-05 He 
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neous belief of the converſion of ſiliceous | 
into argillaceous earth. ; 

We ſhall hereafter ($ Iv. c) ſee that ali 
ceous earth may, by certain ns an be 
diſſolved in acids. b 

(3) The fluor acid is never got entirely 
free from ſiliceous earth; ſo that, being more 


or leſs loaded with it, it muſt aft courſe be 


found leſs active. Here it is proper toobſerve, 
that ſuch earth is called filiceous as is either 
collected in the recipient during the dif- 
tillation of fluor acid, or is afterwards de- 


poſited by that acid: the reaſon of this de- 
© nomination will appear hereafter (S v). | 


In order to examine the ſolvent power of 
this acid, in the year 1772 ſome quartz 
very finely powdered was put into a bottle 


which contained + of a kanne of the acid; the 


bottle was then lightly corked, and ſet by i in 


a corner of the room; two years afterwards 


it was examined, and, the liquor having been 


poured out, there were found concreted at 
the bottom of the veſſel (beſides innumer- 
able ſmall priſmatic ſpiculæ) thirteen cryſ- 


tals, of the ſize of ſmall peas, but moſtly of. 
- AN irregular form; ſome of them reſembled 


cubes whoſe angles were all truncated, ſuch 
as are often found in cavities of flints. Theſe 


ſiliceous cryſtals, the firſt perhaps that were 


ever produced by art, were indeed hard, but 
not comparable with quartz, except in eſſen- 
tial properties, in which they perfectly a- 
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be neceſſary for them to acquire by exſicca- 
tion a ſufficient degree of hardneſs. The bot- 


tle itſelf, as far as the liquid had reached, 


was found covered on the inſide with a ver 


thin ſiliceous pellicle, which was ſcarcel7 
viſible, but ſeparated on breaking the bot- 


tle; it was extremely pellucid, flexible, and 5 


exhibited the priſmatic colours. 155 
Theſe phænomena ſhew that much ſili- 
ceous matter is diſſolved and ſuſpended: whe- 
ther any of the quartz was taken up is uncer- 
tain, but it appears probable. that little or 
none was diſſolved in this experiment, ſince, 
by the help of heat, during the diſtillation the 
acid had previouſly taken up ſo much ſili- 


ceous earth, that upon flow evaporation it - 


was unable to retain it : hence appears the 
origin of the cryſtals and the pellicle ; and 
hence appears the cauſe which impedes the 
action of fluor acid upon flint; namely, that 
the acid obtained in the ordinary way is al- 
ready ſaturated with it. e 9G 7 
Flint diſſolved in fluor acid is moſt com- 
pletely precipitated by volatile alkali; and 
by this method it is found that one-part of 


flint is contained in 600 of the acid fo 


much diluted that its ſpecific gravity is 
only 1,064. This precipitate poſſeſſes all 


the criteria of pure flint (F II.): but that 


which is precipitated by fixed alkali, either 
vegetable or mineral, does not exhibit a pure 
ſiliceous matter, but a triple falt of a pecu- 
liar kind, compoſed of ſiliceous earth, fluor 
1 2 ö acid, 
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acid, and fixed alkali, which diſſolves, tho' 
diffcultly, in warm water (eſpecially that 
which is made with vegetable alkali), but is 
eaſily decompoſed by lime-water, and lets 
fall the mineral fluor regenerated; ſo that 
this precipitate muſt be well diſtinguiſhed, 
and not confounded with that which is pre- 
cipitated by volatile alkali. | 


§ iv. Ie Habits with alkaline Salts. 


In the humid way (by boiling) fixed al- 
kaline falts attack the filiceous earth, but 
not unleſs it be very finely comminuted, and 
newly precipitated from liquor of flints. 
Alkali of tartar, ſpontaneouſly diſſolved by 
attracting moiſture from the atmoſphere, 
by boiling takes up about one-fixth of its 
own weight; and the liquor, upon cooling, 

forms a jelly, although at firſt diluted with 
fixteen times its weight of water. This 
ſolution is effected by the cauſtic portion 
which is always preſent in this alkali, for 
when the alkali is aerated it rejects the 
earth; nay, upon the addition of aerial acid, 
even the cauſtic alkali depoſits the earth. 

The volatile alkali, even though cauſtic, 
has no effect in this way. 

(R) In the dry way fixed alkalis attract 
filiceous earth, inſomuch that one-half its 

weight of theſe ſalts melt with it into a 
glaſs tranſparent, hard, and firm ; which is 
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not the caſe with any other carth yet known. 


During the conjunction a violent efferveſ- 
cence 1s obſerved; but if the vapour which 
aſcends; be collected, it is found to conſiſt of 
nothing but water and aerial acid. | 
If the proportion of alkali be greater, a 
glaſs is obtained more ſoft and lax ; and if 
it be increaſed to double or triple, the glaſs 
attracts the moiſture of the air, and is re- 
ſolved into a liquor, which (from the fili- 
ceous earth) is called liquor of flints. 
(c) This liquor is precipitated by all 
acids, as the alkali unites to them more rea- 
dily than to the ſiliceous earth, which (being 
thus deprived of its menſtruum) falls to the 
bottom. The filiceous matter, thus preci- 
pitated, is of an exceeding looſe and ſpongy. 
texture, and is ſwelled by water fo much 
that its bulk when wet exceeds its bulk 
when dry at leaſt twelve times: nor does it 
contract more in the water, though ſuffered. 
to reſt in it a long time, Hence the liquor 
of flints may, by time and a quantity of 
precipitant properly adjuſted, be eaſily con- 
verted into a jelly, eſpecially if diluted with 
four or eight times its weight of water: for 
in that cafe the fluidity is ſo regulated that 
the precipitant can eaſily ſeparate the filice- 
ous particles, and the particles ſo ſeparated 
can at once occupy the whole maſs ; but if 
an overproportion of water be uſed (for in- 
ſtance, twenty-four times the weight) in 
this caſe the liquor remains limpid, al- 
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though ſo much acid be added as is more 
than ſufficient to ſaturate the alkali... This 
is a remarkable phznomenon, the rationale 
of which, if 1 miſtake not, is the fol- 
lowing:— 
The ſiliceous particles are os from 
each other very much by the diluting water 3 
or rather, being diffuſed through ſo large a 
- © maſs, are more rare. Now by every dimi- 
nution of bulk the ſurface is encreaſed, and, 
together with that, the contact of the ſur- 
rounding fluid ; hence, although the filice- 
ous earth, by its ſpecific gravis ſhould fall 
to the bottom, yet in the preſent caſe it is 
not able to overcome the reſiſtance occaſion- 
ed by friction, for greater force is requiſite : 
to open the way downwards than is ſuppli- 
ed by the difference of ſpecific gravities : 
the filicequs molecules therefore remain 
ſuſpended in the fluid at the ſame time in- 
viſible, both on account of their tenuity and 
their tranſparency : but if the bulk of the 
fluid be diminiſhed by evaporation, eſpeci- 
ally by "boiling, which at once diminiſhes 
its gravity and tenacity, the filiceous mat= . 
ter is ſeparated. 
Liquor of flints is alſo decompoſed by too 
great a quantity of water; for by this the 
efficacy of the alkaline menſtruum is ſo 
much diminiſhed, that it is no longer able to 
keep the ſiliceous matter diſſolved, and it is 
Alſo partly ſaturated with the aerial acid in- 
berent in the water. | 5 
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(sp) It may ſeem extraordinary, that fluor 


acid ſhould precipitate liquor of flints, as 


this acid ſtrongly attracts the ſiliceous earth; 
but it is to be obſerved, that it ſtill more 


ſtrongly attracts the alkali: beſides, in 


this caſe, it is not a pure filiceous mattef̃ 


which js precipitated, but an earth, com- 
bined both with acid and alkali, as was be- 
fore obſerved (F111. 83). But there is ſome 


difference in the two caſes, for in this 


inſtance the acid and the alkali, both load - 
ed with filiceous earth, meet one ano- 


ther: while, therefore, the acid is ſaturated | 
with alkali, it alone depoſits a quantity of 
filiceous matter, this depoſition therefore 


may all be diffolved by moderate heat in 
a ſufficient, quantity of water; and when 
. expoſed to the flame by a blow-pipe, readily 
fuſes, exhibiting a pellucid little ſphere, 
which, upon loſing its fluidity, grows opaque 


and white. The precipitate from liquor of 


flints by fluor acid has the ſame properties, 


but ſomewhat leſs ſolubility and diſpoſition 


to liquefy, doubtleſs occaſioned by a larger 
proportion of filiceous earth: both theſe 
ſaline precipitates contain the fluor acid, 
which is diſcharged upon the addition of 
the vitriolic, and the ordinary phænomena 


exhibited. To an inattentive obſerver it 


will appear, that in this caſe we have the 


fluor mineral accompanying the acid; but a 


more accurate examination will detect this 
error: for the reſiduum, after the diſtilla- 
tion of fluor, always contains gypſum, ſome- 
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attention . 


times mixed with alum and flint, whereas 
here nothing remains but vitriolated alkali, 
intermixed with flint. Hence we fee how 
much caution and vigilance is neceſſary to 


prevent us from embracing error inſtead of 
truth. 


(E) The aerial, which is che weakeſt of 
all acids, yet precipitates liquor of flints; 


and that quickly and copioully, if it be ſud- 


denly added, and in ſufficient quantity; but 
it is not neceſſary to mix them, it is ſuffi- 
cient if liquor of flints be expoſed to the 
atmoſphere, either open or imperfectly ſhut, 
for then the ſubtile precipitant is attracted, 
and the fluid depoſited very ſlowly, in vs 
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8 v. Siliceous Earth poſſe 72 ſome what 95 42 
Jaime Nature, 


The proof of this is not to be F 


3 4.44 cryſtalline figures which filiceous 
ſtones often aſſume (for this is a property 


not peculiar to ſalts) more convincing ar- 
guments may be drawn from its compoſi- 
tion and its ſolubility. 

(a) In order to underſtand the. geneſis, of 


_ Gliceous earth, as far as it has yet been 
poſſible to penetrate that myſtery, let us 


attentively conſider the diſtillation of fluor 


acid; the nee of this operation are 


entirely of a new ſpecies, and, to be well 
underſtood, require the greateſt ſkill and 


Let 


7% 
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into a glaſs retort, and through a tube 50 


parts of highly concentrated vitriolic acid 


be poured in; immediately a ſenſible de- 
gree of heat is found to ariſe in the maſs, 
and a vapour of a moſt penetrating odour is 
produced; let 100 parts of diſtilled water be 
Lops in the recipient; let a gentle heat be 
applied, which is to be raiſed by degrees, 
until the bottom of the retort becomes at 
laſt red: during this time the body and 
neck of the retort are incruſted by a white 
matter, and the ſurface of the water in the 
recipient is covered with a cruſt of the fame 
colour. When the veſſels cool let the white 
matter in the recipient be firſt collected, 
well waſhed and dried; —it is found to be 
equal to about one part and a half of the 
maſs ſubjected to the diſtillation. -  ', . 
This is very light and ſpongy; not on 
inſoluble in water, but in the ſtrongeſt 
acids; very refractory in the fire hen alone; 
with one half of fixed alkali it yields a 


tranſparent and ſtrong glaſs, but with three 


times that quantity produces a faline maſs, 
which deliquefces, and becomes liquor of 
flints: in a word, it exhibits all the crite- - 
ria of a true and pure filiceous earth; and, 
on expoſition to the focus of a burning 
mirror, agrees with that earth, as the cele- 
brated Macquer experienced with a ſmall 
portion of this ſiliceous powder, artificially 
prepared in the laboratory at Upſal. 
25 55 Beſides 
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Beſides the filiceous earth above men- 
homey which 1s chiefly formed in the reci- 
pient, a white pellicle adheres to the neck 
and body of the retort ; this, upon exami- 
nation, is found to be nothing but the mi- 
neral fluor, more or leſs deprived of phlo- 
giſton, enveloped even externally by its own 
acid, but containing little or nothing of 

| Gliceous earth: it therefore caſily fuſes, upon 
expoſure to the blow-pipe, and, upon addi- 
tion of vitriolic, the fluor acid is expelled. 
If the diſtillation be performed with an 
equal, a double, or a ſtill greater quantity of 
vitriolic acid, the ſame phænomena take 
place, but ith greater vehemence ; more 
of the fluor is volatilized; and it ſome- 
times even paſſes over into the receiver: 
the glaſs is almoſt always corroded, and, if 
thin, perforated. The water in'the receiver, 
which by the firſt method contains a pure 
fluor acid, is in the latter more ar leſs mix- 
ed with the vitriolic. The elaſtic fluid, 
which is generated, and may be collected 
in mercury, does not proceed entirely from 
the fluor alone, but is alſo mixed, more 
or leſs, with ſomething proceeding from 
phlogiſticated vitriolic acid; ſo that a wrong 
judgment is formed of the whole elaf⸗ 
tic fluid, from that by be! vmpiny it is adul- 
8 | 

The. 8 Gs diſtilled in b ame 

manner with four times its quantity of ni- 


trous FoF marine acid, yields the ſame pro- 
| duct 3 
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duct; but a ſmaller quantity of fluor is vo- 


latilized, leſs fluor acid is extricated, and leſs 
ſiliceous earth is produced: the water in 
the recipient, beſides the fluor acid, always 
contains ſomewhat of the decompoſing acid 


nay, the acids of the vegetable and animal 


kingdoms produce the ſame effect, but in a 


ſmaller degree. The ſiliceous earth is then 
generally found to be wanting in the re- 


ceiver; and from the weakneſs of the de- 


compoſing acid a ſmaller quantity of fluor 
acid is expelled, ſometimes indeed ſo ſmall, 


that the whole of the earth produced is diſa 


ſolved, but it can again be ſeparated by vo- 
latile alkali. According to the new table 


of attractions of the fluor acid it has a greater 


affinity with lime than the nitrous, marine, 
and other acids have; and this is agreeable 


to experience; but when heat is applied the 


more volatile, though it be the ſtronger acid, 
muſt yield to the more fixed: the fluor obſti- 


nately reſiſts fire when alone, but by means 


of another acid a ſmall degree of heat is ſuf- 
ficient to volatilize it. The mineral fluor, 
though often heated and extinguiſhed in 
water, yet, when afterwards diſtilled with 


vitriolic acid, yields its acid in the uſual 


Way 


ay. | g | „ ES 6) SETAC 
Mäoſt of theſe phenomena are eaſily un- 


derſtood, upon the ſuppoſition that the fluor 
acid, united with lime, conſtitutes the fluor 


itſelf; that it is very volatile; and that 


when expelled: it. elevates ſome of the fluor 
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to a certain height; and that this height is A 


the greater in proportion as the expulſion of 
the acid is quicker. It has alſo been demon- 


ſtrated before (5 11.) that when bot it 


attracts ſiliceous earth very powerfully; and 
this without doubt is the reaſon why glaſs, 


which is always partly competed of filiceous | 


| earth, is corroded. 
_ _ The principal objections which in this 


buſineſs obſcure the truth, and diminith the 
validity of our concluſions, though already 


mentioned, ſhall here be ſet in view toge- 


ther, as they throw ſeveral obſtacles in the 
way of our reſearch. Theſe are, 1, the im- 
moderate quantity of vitriolic acid: if the 


fluor acid only be required, one-half the 
weight of the decompoting-acid is ſufficient; 

if a perfect decompoſition of the fluor, there 
is need of four times the quantity, and in 
general we cannot err by the largeneſs of 
the proportion. ad, By want of water in 
the receiver the glaſs veſſels are more corrod- 


ed, and the elaſtic vapour, which cannot be 2 


_ condenſed into a liquid form without it, 
now for the moſt part burſts forth, being 
only confined by the portion of water which 
adheres to the vitriolic acid. Great obſcu- 

rity ariſes from, 3d, confounding things.that 
ought to be diſtinguiſhed from each other: 

5 _ volatilized fluor, the pure ſiliceous earth 

found chiefly in the receiver, the precipi- 


tates from the dor acid by fixed or volatile 
alkali, are all ſubſtances that ſhould be care- 


fully 
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fully diſtinguiſhed. In like manner the- 


elaſtic fluid, elicited from the mineral fluor 


by a proper quantity of vitriolic acid, is very- 
different from that obtained by the ſame- 
acid phlogiſticated.— But let us return to 
our proper buſineſs, for all the properties of 


fluor acid do not belong to the preſent 


enquiry, which only regards the ſiliceous 
earth. I thought it however neceſſary to 


mention ſuch of there 45 lead directly to the 


end propoſed. | 
The queſtion then is, whence the Glice-- 
ous earth which occurs in the operation is 


derived? whether it is extracted from the 


mineral fluor, and elevated by the fluor acid, 


or whether it is extricated from the glaſs, _ 


veſſel itſelf ?—many circumſtances, hereafter 


to be mentioned, are repugnant to each of 


theſe opinions; and the experiments which 


have hitherto been inſtituted rather ſeem 
to indicate that this ſubſtance is n 


produced during the operation. 
iſt. That the filiceous earth does not owe: 


its origin to the mineral fluor is eaſily 


ſhewn : for although this fluor ſometimes; 


contains filiceous earth, yet this does not 


always happen ; and nevertheleſs as large a 


produce of that earth is had from that which | 


is entirely deſtitute of filiceous matter as 


from that which contains it. The green; 
earth of Garpenberg, for inſtance, is in ge- 
neral entirely free from ſiliceous earth, and 


therefore may be a: diſſolved, either in 
: nitrous ' 
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nitrous or marine acid. This ſolution, uport 


the addition of cauſtic alkali, precipitates 
re fluor, totally unchanged ; but the 
mild alkali, by means of a double elective 
attraction, precipitates aerated lime: — on 
the addition of vitriolic acid gypſum is 
formed. |; | 
2d, As the glaſs is cas by the va- 
pour of the fluor acid, at firſt fight it ap- 
s not an improbable conjecture, that the 
- filiceous earth which appears is produced 
from thence ; but we mutt obſerve, that by 
employing a ſmall quantity of fluor and a 
gentle fire, the ſiliceous earth may be ob- 
tained without any corroſion ; beſides, the 
corroſion bears no e pee to the quanti- 
y of filiceous earth. 
za, That the filiceous earth; diſſolved or 
volatilized by the acid, paſſes over from the 
retort into the receiver, is an opinion con- 
tradicted by a variety of experiments ;—if, 
in place of water, alcohol be put into the 
receiver, the acid is collected in it, but no 
filiceous powder, which, on the hypotheſis 
of volatilization, ought to be found. Of this 
circumſtance we, ſhall + Ken more at large 
hereafter. 
But the powder formed in ele receiver, 
well waſhed, and diſtilled with vitriolic acid, 
is not elevated, much leſs does it paſs over 
into the receiver, and it yields no fluor acid. 
Left it ſhould be ſuſpected that this is owing 
to a en of the — neceſſary 
i tO - 
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to volatilization, let a few drops of olive 
oil be added, and from hence, upon the ap- 
plication of heat, a white ſmoke will ariſe; 


and if the end of the retort's neck be plung- 


ed in water, a white ſquamous membrane 
is generated on the ſurface. This would at 
firſt appear a proof of the volatilization of 
ſiliceous earth, but upon examination the 
error is diſcovered; this membrane being 


found to be nothing more than a ſebaceous ; 
matter diſcharged from the oil by means of 


the acid, in a ſtate of coagulation, and car- 
ried up by the ſmoke; and the ſame kind 
of membrane is produced, if nothing be uſed _ 
but the oil and the acid. If the fluor acid 
be nothing more than. a modification of the 
vitriolic (a queſtion which muſt be decided 


by future experiments). the change produced 


in this caſe is a very fingular one, and muſt 


be totally different from that occaſioned in 
general by phlogiſton : in the mean time it 


cannot with juſtice be denied, that the flaor 
acid is contained in the fluor itſelf ;* for if 
the fluor acid be mixed with lime-water, the 
mixture immediately becomes turbid, and a 
powder is depoſited, which, waſhed and dried 
in a certain degree of heat, becomes phoſpho—- 
ric; diſtilled with vitriolic acid it yields fluor 


acid and filiceous earth, and agrees in all re- 
ſpects with the mineral fluor. On what pre- 
text then can it be denied that the acid which 


was juſt now mixed with it is preſent in it? 
The mineral fluor is therefore Iime ſaturated 
5 with 
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With fluor acid. Sometimes, indeed, there 
is preſent a little clay and flint; theſe, how- 
ever, are not always found, but only caſually, 
and they by no means conſtitute the eſſence 
of the ſubſtance. The greateſt quantity that 
I have yet found was four grains of clay in 
an ounce of mineral fluor, that is 22. There 
is alſo ſometimes a ſmall portion of marine 
acid, which has not yet been found to exceed 
five grains in an ounce of mineral fluor. 
Upon conſidering theſe circumſtances, 
which are not the reſult of a ſingle experi- 
ment ſlightly conſidered, but of diſtillations 
frequently repeated and accurately examin- 
ed, it ſeems neceſſary to have recourſe to a 
new - production, a thing which indeed 
ſhould never be attempted but upon the beſt 
grounds, | FEE IE 
In general we can no other way con- 
ceive the nature of fluid bodies than by 
conſidering them as congeries of ſolid. 
particles, which are ſo minute that when 
combined with a certain quantity of heat, 
they acquire that degree of mobility which 
4s ſufficient to preſerve a level ſurface ; 
which level, if by any means diſturbed, is 
immediately recovered. Now the primary 
aqueous elements, united while in a fluid 
ſtate with fluor acid, ſcarcely contract a firm 
texture, but yield a dilute acid, a circum- 
ſtance which takes place with reſpect to other 
acids; but upon the application of heat they 
put on the form of an elaſtic vapour, and 
5 in 


1 
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in this ſtate meeting with the vapour of the 


fluor acid, it is extremely probable that by 

their union they form the white powder 
above- mentioned: it is certain that when 
liquid they both offer a much ſmaller ſurface 
of contact than when i in the ſtate of vapour; 
and this difference in the latter caſe occa- 
ſions a very cloſe union, which in the for- 
mer can ſcarce poſſibly take place, on ac- 
count of the ſmall ſurface 65 


ſcarcely be condenſed into a liquid form, but 
for the moſt part penetrates the luting, and 


corrodes the glaſs in a more than ordinary 


manner: by means of the water, which ſtill 
adheres to the vitriolic acid, a ſmall quantity 


of liquor will be formed; vis. as much as 


eſcapes being condenſed into an earth. The 
acid vapour itſelf, collected in mercury, yields 
an elaſtic fluid not condenſible by cold; wa- 
ter abſorbs this acid fluid, but watery va- 
pour coagulates it. Hence we may und 

ſtand why pulverized mineral fluor, when 
| expoſed to a digeſting heat in a cloſe cu- 


curbit, with twice its quantity of con- 
centrated vitriolic acid, covers wet bodies, 
ſuſpended over the 5 with a white pow- _ 
der, while dry bodies expoſed in the ſame 
way do not contract a particle of powder; 


as alſo, why the fluor acid, often diſtilled 
with water, may be totally converted into 
Vor. II. SY, E ſiliceous 


contact.— If 
mineral fluor be treated with highly con- 
centrated vitriolic acid, unleſs there be wa- 
ter in the receiver, the elaſtic v _ can 
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ns) water, alſo converted into vapour; 
ang the coagulation is performed with great 
difficulty within the maſs, but very cally 
at the ſurface, which, while fluid, is in a 
. ſtate of evaporation. 

ut whatever be the cauſe of this ſingular 
union (which is highly deſerving of accu- 
rate examination) it is at leaſt certain that 
the fluor acid makes a part of it: ſuch a 
combination is very analogous to the neutral 
and middle falts, and therefore is not with- 
out reaſon conſidered as partaking of a ſaline 
nature, although ſcarcely ſoluble in water, 
in the ſame manner as gypſum, or as the 
mineral fluor (which conſiſts of fluor acid 
faturated with lime, and is totally inſoluble 


in water) is acknowledged to approach to 


the nature of middle earthy ſalts. 

(3) Let us now ſee whether ſiliceous 
earth be totally inſoluble in water. That 
certain waters contain filiceous earth is be- 
yand a doubt; but it is probable that it ra- 


ther remains ſuſpended in them by means 
of the ſubtlety of its parts, than in virtue 


of a true ſolution. 
It is known that water becomes hay more 
capable of diſſolving bodies, in proportion 
to its degree of heat; but in open veſſels it is 
incapable of receiving a degree of heat greater 
than that of the boiling point, or 1000. Si- 
liceous earth, _— in water to a boil- 


ing 


is concretion {beſides the hot acid va- 
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| og heat for ever fo great a length of 


time, is ſcarce ſenfibly diminiſhed, ſo that 
by this experiment it ſeems totally. inſo- 
luble; but we cannot thence conclude . 
that it is able to reſiſt a greater heat. The 


efficacy of Papin's digeſter has ſhewn, that 
many bodies may be diflolved which totally 


reſiſt boiling in open veſſels: at the ſame 
time it muſt be confeſſed, that no one has yet 


tried filiceous earth in this way; ſo that we 
ſhould be entirely ignorant what would be 


the event, had not nature herſelf ſponta- 
neouſly aſſiſted our ignorance and floth. 
Thus, at Geyſer in Iceland there ſprings 
up a hot water, which upon cooling de- 
poſits filiceous earth, and of this v | 
matter has formed for itſelf a crater, in 
which columns of water of a ſtupendous 
bulk, after they have been thrown to the 
height of go feet and upwards, fall, and 
are again received. The heat of the water 
during the exploſion cannot indeed be mea- 
ſured ; but after it has riſen and fallen 
through a ſtratum of air 9o feet thick, it 


raiſes the thermometer to 100* ; which evi-' 


dently ſhews that the heat in the bowels of 
the earth muſt be vaſtly more intenſe; and 


this we ſhall ceaſe to wonder at, when we 


conſider that in this caſe the ſubterraneous | 


fire acts upon the water in caverns cloſed 


up by very thick ſtrata of ſtones, an appa- 
ratus far more effective than Papin's digeſter. - 


The crater undoubtedly was at firſt formed, 


* 


* 
K S . * 
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| refer it to the earths. 
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and is daily ſtrengthened, by Gliceous earth, 


which quits the menſtruum on its being 


cooled, falls down, and being in ſomewhat 
like a ſoft ſtate, concretes (o). 


From what has been ſaid it abundantly 


appears, that ſiliceous earth is of a ſaline na- 


ture, but differs ſo much in degree of ſolu- 
bility, that our artificial limits Page us to 


* 


90 vi. V. Berber Siliceous Earth be a . 
Earth. 


| Thoſe earths ate called primitive which 


cannot artificially be' reſolved into ſuch as 
are more ſimple; derivative, thoſe which are 


oompoſed of two or more primitive earths 


| intimately united: the queſtion is then, to 
which of theſe claſſes the ſiliceous earth 
may with moſt propriety be referred ?—If 


the queſtion - was, whether filiceous earth 


be altogether ſimple and homogeneous ? the 


proper anſwer would be in the negative; for, 


upon conſidering the very probable circum- 


ſtances above related, concerning the origin 


of this earth, it appears plainly to conſiſt of 


two principles, namely, the fluor acid, and 
ſomewhat derived from the water. It cannot 


therefore be conſidered as ſimple and homo- 


geneous; but inaſmuch as we are ignorant 


of the true nature of the primary ſtamina of 


00 Vid De Product; Vulcan, 
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water, and as it does not appear that any of 
the other primitive earths, ſuch as lime, 
terra ponderoſa, magneſia, or pure clay, are 
derived from the genuine ſubſtance of wa- 
ter, it appears that in mineralogy the fili- 
ceous earth may properly be conſidered as 
primitive, until by apt experiments, both 
analytic and ſynthetic, it be demonſtrated 


that the baſe of this earth entirely agrees 


with ſome one of theſe above mentioned: 
when this is done, it may properly be re- 
ferred to the derivatives, but not before; in 
the interim, naked conjectures and falla- 
cious obſervations are not by any means to 
be confided in. It muſt be allowed that, to | 
ſyſtem builders, it will appear more ſimple 
- conſider all earths as of the ſame ſpecies, _ 
with a very few modifications; but it ſhould 
be remembered, that he who pretends a pri- 
ori to judge of the moſt compound body 
in nature, ought firſt to be acquainted with 
the whole ſtructure and ceconomy of nature. 
Some perſons, obſerving that clay acquires 
by fire a. flinty hardneſs, think that the 
principles of both are the ſame; an opinion 
which would be eſtabliſhed beyond doubt, 
if ſiliceous earth, diſſolved in fixed 9 
could, by means of the vitriolic acid, form 
alum, which has been attempted by cer- 
tain moderns: but this hypotheſis, When 
put to the teſt of experience, falls to the 
ground; for the pure clay is all converted 
into alum by vitriolic acid, and the ſiliceous 


. 
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earth is not ſo much as diffolved by that 
menſtruum (FI and 117. a). 


Others, becauſe. common flints are gene- 


rally found in chalky hills, imagine, that 
they originate from chalk, particularly de- 


pending upon miſunderſtood phenomena of 
gelatinous minerals.: theſe phznomena are 
explained at large in the treatiſe on Volcanic 
Products. In the collection of the Aca- 
demy, there is found an echinites exactly 
filled with filiceous earth, and furrounded 


with the ſame kind of ſubſtance; but the 


ſhell itſelf is ſtil calcareous, and even 
of a ſpathaceous form. Now, in this 


caſe, fince hy hypothefis the calcareous earth 


has acquired a filiceous nature both inter- 
nally and externally, how could the ſhell it- 
ſelf avoid the change? But the nature of the 
ſubject, which is ſtill ſo much involved in 


_ - darkneſs, from the want of a ſufficient num- 
ber of experiments, that we cannot certainly 
determine the origin of filiceous earth, for- 


bids us to dwell longer upon this point. 


8 VII. In what 225 Siliceous Rarth occurs 
mn the mineral Kin gdom. 


The filiceous earth, ſuch as it appears 
when precipitated from liquor of flints, and 
freed from all heterogeneous matter, is ſcarce- 


ly ever found, at leaſt in the external ſtrata 


of this globe; but is, like the other primitive 


| cus, more or leſs mixed with other ſub- 


Rances, 
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ances, and that as well mechanically (as 
is the caſe in common clay) as by a more 
intimate connection, and, as it were, ſolũ - 
tion; inſtances of which occur in ſerpen- 

tinum, aſbeſtos, mica, ſchoerl, garnet, zeo= - 
lith, and thoſe ftones which are called fili- 

| ceous. So long as the ſiliceous nature prevails 
in the maſs, they are not improperly fo 
called, the denomination being taken from 


the prevalent ingredient : but here we muſt _ 


_ obſerve, that the nature of the compound 
does not always correſpond with the quan- 
tity of the different ingredients ; for the 
properties of certain ſimple earths are far 
more remarkable and intenſe than thoſe of 
others. Thus a maſs, in which pure clay 
makes no more than a fourth, nay. even 
ſometimes leſs, yet preſerves the nature and 
character of clay; therefore it is that we 
call ſuch mixtures ſiliceous which ſtand the 
criteria mentioned in & 11; and, although 
the ſilicedus nature is ſometimes more ob- 
ſcure, on account of the quantity and qua- 
lity of heterogeneous matter, it is of no im- 
portance, provided the ſiliceous nature and 
properties prevail. 

To this claſs we may, without 25 | 
refer quartz and mountain cryſtal, flints, pro- 
perly ſo called, and jaſpers ; but more am- 


biguouſly petroſilices and felt-ſpar, as alſo _ 


_ zeoliths, ſchoerls, and laſtly garnets, which 
are as it were intermediate between thoſe and 
the gems z 3 Which are to be entirely exclu- 


E 5 0 died 
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3 died from filiceous earths, as not only by 
|| their nature, but by the proportion of their 
| primary principles, they challenge a place 


28:2 among the clays, as we ſhall ſee hereafter. | 
BY} Moſt of the laſt- mentioned ſtones abound 
in filiceous earths, and contain beſides por- j 
tions of calcareous and argillaceous earth, 
yet exhibit the ſiliceous properties notwith- | 
$18 ſtanding ;—the limits and deſign of the pre- . 
41 ſent Work prevents us from mentioning the 
| nn Giierenons. | 
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HYDROPHANOUS STONE. 
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§ 1. Peculiar Property of the Hydrophanous 


Stone. | 


DENEDICTUS CERUTUS relates, 
that he had ſeen with the greateſt aſto- 


and which, upon drying in the light, be- 


niſhment, in the poſſeſſion of Chr. Fur= 
leger, an opake ſtone, which, upon lying in 
water, by degrees acquired tranſparency, 


came again opake ; for this reaſon he deno- 


name of oculus mundi beſtowed upon them. 


The reaſon of the former appellation is ob- 


vious ; the latter is merely the ſport of a 


warm 


minates it /apis mutabilis. Such ſtones were 
_ afterwards very ſcarce, and had the empty 
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warm imagination. Dr. Hill has very pro- 
perly called ſuch ſtones as grow tranſparent 


in water hydrophanous.. 


An attentive conſideration of the change 
roduced will eafily inſtruct us in the nature 
of this wonderful phænomenon. The tranſ- 
parency may be obſerved proceeding from the 
ſurface to the nucleus; and at the ſame time 


air bubbles continually ariſe from the ſur- 


face of the ſtone, and float upon that of the 
water. Some aſſert, that the tranſparency 
begins at the center, and extends itſelf to 


the furface; but when that is the caſe it 


muſt be occaſioned by ſome crack which 
admits the water at once to the center ; all 
the hydrophani which I am in poſſeſſion 
of, or have eyer ſeen, have, conformably to 
natural expectation, grown firſt tranſparent 
at the ſurface. | 
The phenomena of clouds ſerve to ſhe 


that moiſt particles, copiouſſy mixed with 


articles of air, prevent the tranſmiſſion of 
ight, and render the maſs more or leſs 


opake, although the particles of each, ſepa- 


rately taken, are pellucid. The cauſe of this 


is to be ſought for in the difference of re- 


fracting power; for by means of that the 
rays are turned from their original courſe at 
every particle, a circumſtance which is very 
injurious to tranſparency. A common ex- 

riment will full more clearly elucidate 
this point: — the moſt tranſparent glaſs, 
when reduced to powder, becomes opake, 
5 becauſe 
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becauſe the air, which now occupies the 
interſtices, refracts the light much more 


weakly than the particles of glaſs do; but, 


upon pouring on water, which diſphces the 
air, and differs leſs from the glaſs in its re- 
fracting power, a certain degree of tranſpa- 
rency is reſtored. Setting down the ſpecific 
gravity of water 1,000, we ſhall find that of 
air to be 0,001 ; and that of glaſs vary- 
ing, according to its compoſition, from 
1,791 to 3,380, which is the greateſt ; 
hence it appears, that the greateſt differ. _ 
ence between glaſs and water is 2,380, 
and the leaſt is 0,791 ; the greateſt differ- 
ence between glaſs and air is 3, 379, and 
the leaſt is 1,790. From this calculation 
we may judge of the different quantities 
of refraction, and the conſequent differences 
of tranſparency. Fg EVOL, 
Let us now ſuppoſe a ſtone which agrees 
nearly with water in ſpecific gravity, or at 
leaſt is not more diſtant from it than glaſs ; 
let us alſo ſuppoſe that its particles are 
tranſparent, but that it is uniformly per- 
forated by inviſible foramina, ſo that both 
air and water may be admitted, though not 
_ readily; we ſhall then have a ſtone, which, 
when well dried, remains opake, but, like 
the oculus mundi, grows pellucid in water. 
The ſuperior effect which an alkaline lix- 
ivium produces in this cafe, depends on 
the ſuperiority of its ſpecific gravity. 
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; Although the cauſes of this phznome- 
non are thus phyſically. explained, which 


always renders a phenomenon much leſs 


ſurprizing, yet to. this effect three condi- 
tions, but rarely found united, are neceſ- 
fary ; ſo that ſtones of this kind were very 
ſcarce, and valued at great and even immenſe 
prices. The extravagance of the price alſo 


: prevented. the examination of this ſubſtance ; 
and our ignorance of its nature concealed 
from us the place where it was to be found; 


nay, ſo undecided were opinions concerning 


it, that the moſt acute examiners were 
doubtful whether it owed its origin to the 
mineral or to the animal kingdom: in the 
mean time the curious, both merchants and 
philoſophers, were buſily employed in ſearch 
of it. The accounts tranſmitted to the 


Royal Academy of Sciences, Stockholm, 


were as follow :;— 


In 1770 the. celebrated Quiſt, who had 


viſited England, communicated ſome obſer- 
vations upon three ſpecimens which he had 


ſeen in the. Britiſh Muſeum ; but as he was 


pong permitted to examine them ſuperficial- 


„he could not determine their nature. 


At the beginning of the year 1774 Mr. 


Poetzſch of Leipfic related to the Academy, 
that: the: year before a lapis mutabilis had 
been offered at the electoral collection for 
the price of 100 ducats; that this ſtone 


very much reſembled a certain variety of 


a ths Eibenſtock opal, which, upon trial, was 


| alſo 
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alſo found to grow tranſparent in water: 
hence he concludes, that the lapis muta- 
bilis is to be ranked 1 in the family of the 
opals. | 
In 1776 Mr. Murray communicated to 
the academy a diſcovery which had been 
made three years before by Mr. Veltheim, 
ſuperintendant of the mines in the Hartz, 
namely that the grey, green, and yellow hy- 
drophanæ, are no other than thin cruſts' of | 
the chalcedony of Ferro. 
1 Mr. M. T. Brunnich, profeiſor 
at Se in a memoir gave a con- 
firmation of the chalcedony of Ferro's being 
the matrix of the hydrophanous ſtone: it is 
ſufficient juſt to mention this; the other 
circumſtances may be ſeen in the BCE: ne, 
holm, an. 1777. 
aving now mentioned this quality "Y 
highly prized, and ſhewn its exiſtence in 
certain of the chalcedony and opal tribe, let 
us conſider theſe ſtones a little more accu- 
rately ; although it cannot be denied, that 
the ſame property may, and actually 22 50 | 
exiſt i in ſome other ſpecies. 


3 $ 11: The Opal and Chalcedony compared | 
together. | 


The opal and chalcedony agree with one 

another in many properties. 
(A) The common colour of both is fre- 
quently 1 but the former is more pel- 
| | lucid 
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| * | lucid than the latter; beſides, the o pal, 


| = viewed with refracted and reflected rays, | 
[| —_ -. exhibits different colours; but this proper- 
36 8 ” is not peculiar to it alone. 

37 3-8 (8) The chalcedony is of greater ſpecific 


r gravity than the opal; but in this reſpect 
they do not differ much: the Eibenſtock 
opal is from 1,958 to 2,075, and the chal- 
y cedony of different countries from 2,559 to 
60. 
Ke The od does not poſſeſs ſufficient 
hardneſs to ſtrike fire With ſteel; the ſame 
is ſometimes true of the chalcedony: ſo 
that, differing only in degree, 858 may, 
with reſpect to this property, be con- 
FW founded. 15 
a (D) With regard to compoſition, they 
3 alſo agree, as I diſcovered by the following 
2 _ experiment :—I took 100 parts of chalce- 
|. 1 dony of Ferro, reduced to a very fine pow 
$i 87 deer by elutriation, and formed it into a 
ut il " little ball, with three times as much mine- 
iS ral alkali, and a ſmall quantity of water; 
1 after mixing them well together, I dried it, 
4 and expoſed it cautiouſly to the fire in an 
1 iron veſſel for an hour and a half; this 
117 operation requires the fire to be gradually 
Fg. | raiſed, but not beyond a certain degree. 
This management 1s ſo difficult, that for 
once it ſucceeds the maſs melts five times ; 
for the more alkali is uſed, the more is the 
texture of the matter opened, that menſtrua 
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may extract the ſoluble parts, but at the 
ſame time the more is its tendency to fu- 
ſion increaſed ; but the maſs, when fuſed, 
muſt e be loaded with iron, which 


renders an accurate ſeparation of the princi- 


ples very troubleſome ; and beſides. a por- 
tion Wee to the veſſel, which is not caſily 
| off: theſe mconveniences, therefore, muſt 
be carefully avoided; and whoever diſlikes this 
ſcrupulous attention to the management of 
the fire, muſt diminiſh the quantity of alt, 
and reduce it to a fourth or ſixth part of the 
chalcedony ; by which means the end may. 
be obtained, but more imperfectly. The ball, 
upon the application of a proper degree of 
heat, ſplits into a powder; this powder I 
collected and kept in marine acid in a di- 
geſting heat, until the reſiduum reſiſted the 
force of the acid: the inſoluble powder, 
which was purely ſiliceous, when waſhed and 
dried, weighed 84 aſſay pounds; ſo that the 
undiſſolved part conſi ſted of 16, which, pre- 
cipitated and examined, appeared to be all 
argillaceous, mixed with ſome iron, but 
without the ſmalleſt ane of any thing 
calcareous. 
It is proper to. obſerve, that the ſame 
chalcedony, without the previous prepara- 
tion with alkali, yielded to the marine acid 
a portion of argillaceous earth, but four 
times leſs: it differs, therefore, from the 
common Hint, which, treated in. this way, 
| yields 


64 OF TRE HYDROPHANOUS STONE. 


yields ſcarce any clay, and is found mixed 
with calcareous earth, though in leſs pro- 
rtion than the cryſtals of quartz. 

J treated the Eibenſtock opal in the fame 
wy; and it gave the ſame reſult as the 
chalcedony, whether crude or prepared with 
alkali : the argillaceous part was indeed a 
few pounds leſs ; but I do not know that the 


difference is conſtant. 


(r). From the above it appears plainly, : 
think, that opal is to be conſidered as 
rarer and purer chalcedony, and the Aber 


as a denſer and coarſer opal: that the opal 
is of a more ſpongy texture appears not 
only from the ſpecific gravity, but alſo 
from this, that pieces of the opal often 
grow more e and more weighty 
in water. | 


$ 111. _ Of the Hydrophanous F. lint, 


We have heretofore conſidered the o 


and chalcedony; but theſe, when perfect, | 
do not undergo the change in water. of 


which we are treating, at leaſt not in ſuch 
a degree as to attract attentiqn ; but this 


property is ſometimes found in the cruſts 


with which - they are covered : theſe we 
ſhall therefore proceed to Examine more ac- 
curately. 

(A) It may in Wb be aid of thoſe 
ſiliceous tones: which | reſemble the com- 
mon flint in n breaking equally and "OW 

that 


1 —————' wü ⁵˙t!¼ in 8Üͥ⁰ͥẽꝛ CT 


or THE HYDROPHANOUS STONE. 65 


that they are frequently found ſurrounded 
with a covering of coarſer materials. I ſnhall 
mention what appears probable concerning 
the origin of this cruſt :—evident- marks 
frequently occur, which ſhew that theſe 

ſtones have gradually been indurated, and 

were originally a tenacious maſs. Now, 
during this operation, the coarſer particles, 
or thoſe more imperfectly diſſolved, while 
the bulk gradually diminiſhed, were puſhed 
to the ſurface by the more homogeneous. 
matter, or ſometimes towards the center, if 
any cavity be there to receive them ; but as 
the maſs grew more denſe, the reſiſtance alſo 
grew greater, and at length acquired ſo 
much power as to prevent the protruſion, 
it therefore obliged the protruded particles 
to ſettle in ſtrata parallel to the ſurface; and 

theſe ſtrata were at leaſt diſtinguiſhable by 
colour and tranſparency from the reſt of 
the maſs : inſtances of this are ſeen in 
agates and chalcedonies. The external layers 
are generally more coarſe, and have un- 
doubtedly been protruded in the manner 
above-mentioned, while the maſs was ſoft. 
On ſeparating. the layers, each internal is 
found of a more delicate texture than the 
adjacent tend. ae, 

() The above-mentioned cruſts muſt 
neceſſarily differ in texture; denſity, hard- 
neſs, and gravity ; it is therefore evident, that 
the three conditions neceſſary to the muta- 

bility required, cannot always be preſent in 
f ee IL. 
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theſe. Experience ſhews that the proper 


ieces, which are generally ſurrounded with 


thoſe that are uſeleſs, cannot be diſtinguiſh- 
ed by ſight, by touch, or any external mark: 
thoſe which, when applied to the tongue, do 


not ſhew any adhefive power, may be re- 


Jetted ; yet thoſe which poſſeſs that power 


do not always grow tranſparent in water, al- 
though they admit it, two other conditions 
being equally neceſſary. Actual immerſion 
for 24 hours will decide the queſtion, as 


thoſe which require longer time are not 
worthy of attention. 


(c) Hitherto we have conſidered the cruſts 
of ſiliceous ſtones in general; and although 
the involucra of all the varieties may per- 


9 haps ſometimes yield the hydrophanous 


ſtone, yet experience ſhews that it is chiefly 


to de ſought for among thoſe of a looſe tex- 


rare, ſuch as opals and chalcedonies. 
(ov) The cruſts which grow e 8 
in water, on breaking appear denſe and 


ſmooth, they ſtick to the tongue, do not 


ſtrike fire with flint, are of a whitiſh yel- 
low brown, nay ſometimes blackiſh co- 


_ lour: their tranſparency varies according to 


circumftances ; their ſpecific gravity ſcarce- 
Iy double that of water. 

(E) As theſe ſtones are deſtitute of the 
hardueſk neceſſary to ſtrike fire with ſteel (a 


Property which 1s conſidered as the crite- 
rion of filiceous ſtones) ſome doubt may 


ariſe concerning the ſiliceous nature of the 
| n | 
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| hydrophanous cruſts: I thought analyſis the 


moſt proper means of ſolving this difficulty, 
and upon experiment found the ſame prin- 
ciples as before (F 11. E), which puts an 
end to all ambiguity. But it appears plain- 
ly that the greater or leſſer degree of con- 
nection between the integrant parts affords a 
very inſufficient and fallacious mark of diſ- 


_ crimination ; and accordingly we find a 
great variety in this reſpect, even in the 


ſame tribe. We have already ſpoken of 
opals and chalcedonies (S II. ); the ſame 
is true of cornelians, gems (a), &c. We 


«have alſo in clay a very remarkable inſtance 


of the effect of different degrees of exſicca- 


tion; for this ſubſtance, although” when 


crude it attracts water ſtrongly, and is ſof- 
tened and penetrated by it, yet by a certain 


degree of heat it is ſo condenſed as to reject 


water; and at length, by a very intenſe heat, 
it acquires a perfect flinty hardneſs. In this 
inſtance the very ſame matter exhibits very 
different degrees of coheſion among the par- 
ticles; and it is elſewhere demonſtrated, 
that, even when hardened to the greateſt de- 
gree, it yet retains an argillaceous nature ; 
we may therefore juſtly conclude, that the 
degree of hardneſs is not to be confided in. 
(F) The value of the hydrophanous ſtone 
is eſtimated by its bulk, the quickneſs of 
he chan Se, and the elegance of its e. 


(a) Vid. 4 Ten de Let: 
| F. „ 
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Of two equally penetrable the larger muſt 


11 neceſſarily grow tranſparent more ſlowly; 
LEE | but the effect may be ſomewhat increaſed by 
_ diminiſhing the thickneſs or perpendicular 
r attitude, the length and breadth remaining 
09 the ſame. By this method many of them 

1 may be brought to grow tranſparent in a 
1 few ſeconds; and no doubt the wonder is 
{8 much diminiſhed, if the change does not 


take place under the eyes. of the obſerver : 
beſides, if ſeveral hours be requiſite, neither 
can the proceſs. be properly examined, nor 
are the air bubbles expelled. Wy as water 
| ſufficiently viſible. | 
| The colour is derived from iron; now, as 
| that ſubſtance often differs both in quantity 
I and quality, a conſiderable difference muſt 
i i ariſe, which generally varies between a yel- 
2 = low and a brown. _. 
| | (s) That the opal gives a ee fo 
owe: we have already obſerved ; but the 
T is not very remarkable, becauſe it 
itſelf ſemitranſparent, but if natu- 
5 8 by. ſpontaneous-calcination, or artifi- 
cially, by a gentle heat, it contracts an opa- 
city, we immediately get the hydrophanous 
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| I | hone... To make the opal opaque when dry, 
4.116 | by means of fire, requires much caution ; 
2 | for if too much heat be applied, Eſpecially 
4 1. ſuddenly, it flies into ſmall pieces. 
1 4 (.). The change is accelerated by * 
| Att the water hot, as it penetrates the foramina 
| Wk more readily, 225 the n themſelves 
1 W oj 
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are more open, on account of the heat; but 
whether it be hot or cold, the very pur 
Water ſhould always be uſed, otherwiſe the 
None will gradually be obſcured ; for any 
water, though clear as cryſtal, leaves, upon 
evaporation to dryneſs, an earthy reſiduum. 
When the water then which has been ad- 
mitted: is gradually diſſipated by 'evapora- 
tion, ſomewhat always remains behind; 
this, on account of -its-tenuity, for a long 
time does not injure the tranſparency, but 
if the operation be frequently repeated it 
may at length become viſible; but this max 
be eaſily removed by acids, if, as is uſually 
the'caſe, it is of a calcareous nature. I am 
not ignorant that in this operation the co- 
louring particles of tinged liquors are ex- 
cluded, though the vehicles penetrate the 
ſtone; but it is equally true that alkaline, 
lixivia penetrate, and of conſequence calca- 
reous and other ſolutions will alſo penetrate; 
By concentrated vitriolic acid alſo the 
ſtone acquires tranſparency,” but ſometimes 
the colour is darkened by the acid re- 
maining in the pores, and growing blackiſh; 
but this may be removed by an alkali. But 
the nitrous acid, highly dephlegmated, ra- 
ther dephlogiſticates than diſſolves the iron 
of the ſtone, and occaſionally produces vas 
rious hues of yellow ; but as acid menſtrua 
are able to take up a little of the argillaceous 
earth as well as the iron (F 11. E) there is 
no Our but, if frequently uſed, they will 
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gradually change the texture of the ſtone. 
The water enters at the firſt trial more flowly 


than afterwards; it may therefore happen 
that a ſtone which at firſt ſcarcely. admits 


water may, by lying a proper time in acids, 


have its foramina opened and dilated ſo as to 

e , 3 55- 2h. cn 
That the ſtone when tranſparent. is more 

ponderous than when opaque, experience 


ſhews, and the fluid imbibed will eaſily 


explain the cauſe. F 
__ (6) We muſt not omit mentioning, that 
when the hydrophanous ſtone rendered tranſ- 
parent is expoſed to the rays of the ſun, or 
to an intenſe light, it frequently ſhews a 


ſpark or ſpot ſhining with peculiar, luſtre, 
which changes to different parts of the ſur- 


face, according to the fituation of the light. 
'This property, which belongs to opals pecu- 
larly, but not excluſively, is not difficult of 
explanation, as the hydrophanous ſtone is of 
the nature of opals ; but is thus far imper- 
fect, that when dry it is opaque, when wet 


however it grows tranſparent, and then ac- 


quires completely the properties of the opal. 


The property is of this nature: —let L MN o, 
tab. 2, repreſent the ſection of an opal, of a 
lenticular or ellipſoid form; let the parallel 


rays of light Im IU m, &c. fall upon it, 


and a light will appear in the oppoſite 


quadrant above M; in proportion as the 
incident rays are more oblique, the ſhin- 
ing ſpot is more narrow and more bril- 

1 8 | liant; 
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liant ; but the higher the luminous body 
riſes, the larger and weaker is the ſhining 
ſpot. Let a light fall, by means of candles, 
on both right and left quadrant, and two 
oppoſite ſhining | ſpots will appear, but 
weaker than the ſingle. In open air, in the 
day-light, the half L M N appears almoſt 


entirely overſpread with a reftacted light, 


but indefinite, not exhibiting any figure; 
yet when light is admitted into a chamber 
through a hole in the window-ſhutter, the 
ſhining ſpot repreſents the figure of the hole : 
it alſo; repreſents the figure of the flame, 
and that in an erect ſituation, if 1 repre- 
ſents a lighted candle or the fun itſelf; 


therefore the adjacent rays, coming from the 


ſame points, are refracted within the ſtone, 
and form the figures of theſe points. When 
the incident rays are nearly parallel to the 
plane G, two or more curves of that kind 


called cauſtic by refraction diverge from M 


to the internal Var thoſe which ariſe 
from refraction from the oppoſite convex 


part o 1 are ſeen within the ſtone, but thoſe 


which are generated by refraction in the 
concave part L MN are extended beyond 


the ſtone, in the plane d d. In order tg 


obſerve theſe phænomena diſtinctly, let the 
lighted candle 1 be placed at a foot diſtance 


from the perpendicular R ?, paſſing through | _ 
the eye at R, placed about half a foot 
higher than the flame; then let an ellipſoid - - 


opal be held upon the finger, or a card, at 
— „ | 
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1 the ine of an inch from the flame, and 
1:1 8 the cauſtic curves will appear: if the ſtone 
| x =_ ſinks ever ſo little in the line N s, parallel 
i: to R P, a refulgent point will appear within 
the maſs at M, o the colour of the ray 
which paſſes through it: but at o, or the 
| ſurface, a white ſpot appears; when it de- 
| *X == ſcends a little ee in the ſame right line, 
WH the points change into flaming figures; at o 
| | a white and leſſer one ariſing from reflexion ; 
ai x at M one coloured, and larger, which ariſes 
| = from refraction; theſe two, upon the fur- 
| | ther ſinking of the ſtone, riſe and meet toge- 
her at L: by uſe we may eaſily learn to pro- 
| 18 5 duce any of theſe varieties, unleſs the figure 
19 of the ſtone be improper, as upon this de- 
1M pends both the number and the differences 
= 8 of the curves. 'The colour of the figures 
1 Which ariſe from refraction muſt neceſſarily 
N be the ſame with that which the ſtone 
8 . tranſmits ; for it is known that opals ſeen 
Lid || 4 with reflected and refracted light exhibit dif- 
ferent colours: the mountain cryſtals, and 
other colourleſs pellucid ſtones, however 
ſuitable their form, do not exhibit theſe 
eee diſtinctly: certain vague col- 
lections of light may be ſeen, but a peculiar 
colour is neceſſary to diſtinguiſh the form 
of ſuch appearances: this colour is here 
wanting, as all ſpecies of oy are tranſ- 
mitted. : 
The nature of our ſubject forbids the in- 
troduction of any thing more geometrical, 
979 | | . ILY ae 
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as what has been ſaid is ſufficient to explain 
the true nature and-origin of theſe luminous 
points. We ſhall only add, that the ſtars: 
which appear on the ſurfaces. of ſpherical 
pellucid ſtones by a particular ſituation with 
reſpe& to the light, are generally nothing 
more than a number of theſe cauſtic curves 
proceeding from the fame point to this 
perhaps may be referred the aſteriæ of the 
ancients. : Os: Tis UW INES BOAT 
(K) The cruſt of that ſtone which Born 
calls the ſpathum piceum, according to his 
obſervations, ſometimes grows tranſparent . 
in water, and is akin to the opals in its 
looſe texture, its not. ſtriking fire with ſteel, 
in breaking ſmooth, and other external 
marks. Upon analyfis I found it for the 
moſt part a pure ſiliceous earth, with a little 
clay; and an exceeding ſmall portion of 
lime. | X 285 


§ iv. Of the Hydrophanous Steatite. 


Although this mutability is chiefly found 
in the filiceous ſtones of a looſer texture, it 

muſt not be conſidered as peculiar to them 
alone. The conditions neceſſary for this 
purpoſe may alſo be found in the other 
tribes,..as we ſhall here prove by an ex- 
ample, ; 

The ſteatites vary much, both in colour 
and ſubtlety of parts, as 1s well known. In 
= | . this 
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this ſpecies alſo there ſometimes occurs a 
ſtructure of ſuch a kind as to admit water; 
and as more than half the weight conſiſts of 

ſiliceous particles, frequently pellucid, it 
may be eaſily underſtood how this may be 
rendered more tranſparent : but the hydro- 
phanous ſteatites, being loaded with magne- 
fla, ſeldom attains the ſame degree of tranſpa- 
rency as thoſe which conſiſt entirely of fili- 
ceous earth, which are alſo more hard, tho 
they yield in beauty and variety of colour 


to the others. Dr. Bruckman mentions 


red, white, grey, and green ſteatites, poſſeſ- 
ſed of this property; theſe he directs to be 


| Prepared firſt by boiling in an alkaline lixi- 


vium, and then in vinegar. 
Experiments, if ſufficiently adultilied, 


- will doubtleſs. diſcover ps ſtones 


in other ſpecies. 
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§ 1, _ Various Opinions converning the E 
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RO M the moſt remote ages, the tranſ- 
parency, the ſplendor, the colour, and 
hardneſs of gems have attracted the atten- 
tion of mankind, ſo that, not only in the 
time of Theophraſtus the Ereſian, they were 
dignified by the name of precious ſtones; 
but in our days this product of the mineral 
kingdom is very dear, and not to be had but 
at an enormous price: but although it is 
very reaſonable to admire, with Pliny, the 
perfection of their nature; yet, to the bulk 
of mankind, more ſolicitous about external 
glitter than internal perfection, they oy 
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rather ſuggeſted the idea of making them 
ſubſervient to vanity and luxury, than that 
of examining their real perfections. Their 
ſcarcity and extreme dearneſs for a very long 
time prevented them from being accurately 
examined, from whence it often happened 
that the wealthy paid dear for their 1gno- 
rance, ' purchaſing the ſpurious or artificial 
gems as genuine. 

In the mean time mineralogiſts included 
them in their ſyſtems; but as they truſted 
too much partly to external appearances, 
partly to other fallacious marks, it was im- 
poſſible but they muſt diſagree about the 
arrangement ; and certainly, 10 long as their 
analyſis was not underſtood, no man could 


(unleſs accidentally) aflign their true places, 
as long as it was unknown whether their 


_ earthy baſe was ſimple and primitive, or 


Ke en and derivative. Such as rank 
the gems among ſaline bodies, regard chief- 
ly their figure; but theſe men do not con- 
ſider that determinate forms by no means 


depend upon ſaline nature (although ſub⸗ 
ſtances which are ſoluble in water are in a 


particular manner diſpoſed to cryſtalliza- 
tion) inaſmuch as metallic, inflammable, 
and earthy bodies, afford cryſtals, and thoſe 
not unfrequently of a very beautiful kind ; 

and in general the property of cryſtallizing | 
ſeems to belong to every ſolid body, pro- 
vided its particles be ſo ſubtilely divided 


uw 1 2 5 in the dry or the hu. 
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mid way) that while they are again coneret- 
ing they may be at liberty to obey their 
mutual attraction, and aſſume a ſymmetrical 
ſituation: in ſalts themſelves the ſpecies of 
figure depends not upon the acid, nor yet 
upon the baſe which. is united to it. The 
; vegetable, as well as the mineral alkali, with 
marine acid aſſumes a cubic figure; but the 
fame acid, with volatile alkali, terra ponde- 
roſa, mercury, biſmuth, cobalt, and other 
ſubſtances, aſſumes forms of a very different 
kind. If therefore in this caſe the acid 
has no effect, how will it act when it can» 
not be diſtinguiſhed by any experiment, but 
its preſence js inferred by bare conjecture : 
The ſame may be ſaid of the baſe ; for each 
alkali, with different acids, yields diflimilar 
cry ſtals. Alum and falited cobalt, when 

ihr cryltallized, yield octaedra, a figure 
which neither correſponds. with the men- 
ſtruum nor the baſe; and what are we to 
think of the pyrites, which occaſionally 
exhibit every one of the regular geometrical _ 
figures? - but we have no need of multiplying - 


* poi vi if that be known, which I think 


has been already ſufficiently . demonſtrated, 
namely, that from a few primitive forms 
of the ſame ſubſtance, a great many deriva» 
tives, and thoſe; very diſſimilar, may ariſe, 
Theſe things being conſidered, I do not ſee 
with what propriety the diamond and the 
ruby are aſſociated with alum, of which 'they 
do not ſhew..the * yelligs +. * © NE 
e ; woes 
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after all, we are rather to truſt to occult 
principles on this foundation we may make 
alum of falited cobalt, and the other octae- 
dral ſalts. On this hypotheſis too the cubic 
diamond would be enumerated along with 
fea falt ; and that which is an hexagonal 
priſm, - terminated at each end by three 
rhombi, among the ſchoerls. St. 

Thoſe who rank the gems among vitreſ- 
eible ſtones, beſides various negative cri- 
teria of leſſer moment, maintain that th 
have a gloſſy appearance, and that, in fuſion 
with fixed alkali, they run into a pellucid 
. glaſs; the former of theſe circumſtances is 
very fallacious, the latter indeed refers to a 

quality more eſſential. But we ſhall ſee 
hereafter what experiments ſhew on this 
head: hardneſs is in general but a very 
"vague mark, as it often depends entirely 

upon the degree of exſiccation, the ſub- 
ſtance ſtill remaining the ſame, as appears 
| ſufficiently in ſoft clay, when well burned. 
What ſome call vitreſcent earths, others de- 
nominate ſiliceous ; but names change not 

the nature of things, thoſe being the beſt 
which are adapted to it. 

In drawing up a ſyſtem of mineralogy, if 
the figure, texture, hardneſs, colour, tranſ- 
parency, magnitude, and other external ap- 

rances, were every where and always ſuf- 
ficient to diſtinguiſh mineral bodies, this 
would perhaps (to beginners) be the moſt 
_ ciated! but it ſtill would not be the 

5 beſt, 
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beſt, as theſe properties of bodies, which are 
applicable to human purpoſes, are derived 
from the nature of the conſtituent parts, 
and but rarely from the external appear- 
ance. No one is ignorant how fallacious 
ſuperficial characters are, at leaſt no one 
who has the leaſt idea of modern minera- 
logy.—But ſuch is the condition of man, 
that when he is led by the hope of ſucceſs . 


to attempt impoſſibilities, a long time paſſes 


before he returns to wiſdom. + 
Among the moſt modern ſyſtems of mi- 


neralogy the moſt perfect by far is that of 


the illuſtrious Cronſtedt, a ſyſtem which he 
propoſed with ſo much modeſty as to con- 
ceal his name, In this all the ſubſtances are 
arranged according to their principles: if 
he ſometimes conſiders thoſe as fimple 
which in reality are compound, it is not to be 
laid to his charge, as theſe errors proceeded 
not from a defect in his plan, but from the 


want of a ſufficient number of experiments: 


—if he has not every where found out the 
right path, he always ſeeks it with candour, 


and deſcribes it with precifion. Treadin 
in his ſteps, I have for many {or —— 


in the analyſis of the mineral kingdom, in 
queſt of the foundations for a ſyſtem of na- 


tural hiſtory, more expreſſly adapted to the 
improvement of natural philoſophy, and the 


advancement of public and private utility. 

In various little effays I have, in a curſory 

manner, mentioned the concluſions drawn 
By from 
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from my experiments: in this place I am 
eſpecially to treat of gems, in which claſs 
thoſe. cryſtals only are generally ranked 
which very much exceed the mountain cryſ- 

tals in hardneſs. 


$1 II. Habitus of the Gems examined 8 the 
| | Blow- Pr pe, . 


| The. tube which goldſmiths 6 for ſol- 
dering, and which is employed by a few 
other artificers, is well adapted for experi- 
ments in mineralogy ; its uſefulneſs and 
convenience recommend it much, as I have 
at large mentioned in a treatiſe on that in- 
ſtrument, This is of the greateſt uſe in the 
examination of gems, as the ſmalleſt pieces 
that can be taken up by a forceps (which in 
this caſe are ſufficiently expenſive) will ſerve 
for theſe experiments. | 

It is neceſſary at the very firſt to diſtin- 
guiſh the diamond from the reſt, as it is 
much harder than them, and alſo differs i in 
other particulars. _ 

Powdered diamond, expoſed to the flame 
on a piece of charcoal, ſoon grows White, 
but ſcarcely undergoes a ſenſible change, as 
it is difficult to keep up the flame conſtant- 
1y for ſo long a time as is neceſſary to re- 
ſolve it into vapour ; while at the ſame time, 
for ſo long a continuance it is ſcarce poſ- 
ſible to avoid ſome ſmall inequality i in the 
dlaning. which will ſcatter it about 3 in 
+ . this 
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tis reſpect other Senn entirely age with 
the diamond. 


In order to alen ſolutions of mh 
by the via ficca, I employ chiefly three dif- 
dere kind of ſalts, namely, an acid, an al- 
kaline, and a neutral. I am not acquainted: 
with any acid which can endure the fire 
upon charcoal, except that of the microcoſ- 
mic ſalt: this ſalt is neutral, but triple, 
. both the volatile and mineral al- 
kali. he phoſphoric acid, ſaturated with 
volatile all cannot be brought to cryſ- 


tallize ; which yet always happens, upon 


the acceſſion of a proper quantity of mineral 
alkali, and the triple ſalt which reſults from 
hence is —— called microcoſmic ſalt. 
Upon fuſion on the charcoal, this ſends 
FRY its volatile alkali, fo that the portion 

of acid which had been before ſaturated 
with it, being now ſet at liberty, is the 
better able to exert its effects upon other 
bodies. I make choice of the mineral al- 
kali yell depurated ; the vegetable, on ac- 
count of its deliqueſcence, is leſs proper. 
Of late I make uſe of borax, as being a falt 
nearly neutral, both the principles of which 
are fixed in the fire, and are much n 
to vitrification, | 

I have tried the effects of theſe ſalts upon 
the gems: - the microcoſmic falt attacks: 
them with difficulty, yet diſſolves them ; 
and with reſpect to this ſalt, there is a 
3 difference Pe the Genus 

Vor. II + 
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and all the other gems; for a ſmall piece or 
a very ſubtile powder of it, immerſed in a 
globule of this ſalt in fuſion, during the fu- 
ſion immediately floats upon the ſurface, at 
firſt ſending forth flowly a few bubbles, 
which, upon continuing the operation, en- 
tirely ceaſe. If the apex of the flame be 
kept conſtantly on the powder, it is gra- 
dually diminiſhed, but is partly conſumed 
by the fire, partly diſſipated by the blaſt, 
and the reſiduum, which is very ſmall, per- 
haps diſſolved. The particles of the other 
gems enter into, and remain in the fuſed 
falt without efferveſcence; they wheel cir- 
cularly about with great velocity, and are 
by degrees taken up, yielding water-colour- 
ed globules, unleſs when they are coloured, 

= which, on vitrifying, they ſometimes are, 
x | = _ eſpecially when hot.—Theſe gems there- 
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- {8 | fore are. fixed to the ſalts by a more power- 
bill i ful attraction than the diamond, which on 
VN 11 the contrary ſhews a ſort of repulſion. SA 
7 | Ez The mineral alkali, fuſed in a filver ſpoon 
YOU 1. | | [charcoal abſorbs. it]. takes up the ſmalleſt 
| iT i þ particles of gems, and notwithſtanding a 
11 long continued flame | ſcarcely diminiſhes 
| [| Wb them; yet the emerald is reſolved into a 
1 powder, but a refractory one. The diamond 
(|| Wt ſeems to elude its force a as will 
Wi Wk . from what follows. © - 
BY | Borax diſſolves them almoſt in the ſame 


manner as microcoſmic ſalt, but ſomewhat 
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centce; but the diamond is more weakly 
attacked, ſo that after a long: continued fu- 


ſion the globule adheres to the charcoal, 


and the powder lying on the ſurface is in 
the mean time diſfipated; - | | 

The powdered diamond, before it is ex- 
amined, muſt be depurated by aqua regia, 
for all that which is for fate abounds with 
heterogeneous matters, as we ſhall ſee here: 


after (F 111. B) As the diamond exceeds - 


all the reſt in hardneſs, as it is by fire-difit- 
pated into ſmoke, and in all its habits dif- 


fers from the reſt, which in general agree 


with one another: theſe ſhall in the future 


be ſpecifically comprehended under the 


name of gems. 
The habits above deſcribed; eſcetiaily — 
thoſe with the mineral alkali, diſtinguiſh 


the gems very completely from the moun- | 


tain cryſtals, which are not only taken up 


by alkali, but alſo with a vehement ebulli- 
tion or efferveſcence: thoſe artificially made, 


which conſiſt of an hyaline,” or coloured 
glaſs, immediately betray themſelves, "by 
tuſing without any addition, 

Hence it appears that the diamond and the 
gems form genera as much diſtinct as N ph 


garnet, ſchoerl, and many ſtones; yet it 


remains to be examined, whether the eatthy. 
baſe of each be primitive or derivative; and 


if the latter be the caſe, what fimple ele- 


ments, and in what proportion, eonſtitute 
it . queſtions cannot be anſwered 
e G but 
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but by the via humida, to roma we nen 


therefore have e 


'F 111. Chika to be Breed. and Difficulties 
| occurring in the Analyſis of Gems. 
In this examination many obſtacles « oc- 


cur, the chief of which we * Lender ſe- 


parately. 
(A) The 5 of the matter not only 


| perſuades but obliges us to uſe ſmall quan- 
tities; and in the operation we muſt be 


very cautious to avoid the loſs or addition of 
any thing, as in an experiment on ſo {mall 
a quantity the leaſt difference is of great 
conſequence, though in a larger quantity it 


might be almoſt entirely neglected. 


(3) Pulyerizing the gems is attended 
with many inconveniences ;. they are poſ- | 
ſeſſed of ſuch a degree of hardneſs that they 
are in this reſpe& ſuperior to all other bo- 


dies; when immerſed, red hot, in cold wa- 


ter, they become ſcarcely more friable, 

though by this method the moſt ſolid moun- 
tain cryſtals are very eaſily comminuted. 
Struck by the hammer on an anvil the 
grains of mountain cryſtal ſplit in general, 

but the fragments often fly about; and as 
to the diamond it frequently penetrates both 
the anvil and the hammer.—The diamond- 
powder which is for ſale contains heteroge 
from 
the Baron Air, and which had been 
y 


* 


or THE BARTH or GEMS... 88 
ht brought from Antwerp, aqua regia | 


extracted o, 12, without the aſſiſtance of 


heat: the menſtruum thus loaded was yel- 

low-: fixed alkali threw down a whitiſh 
powder, which, expoſed alone to the blow 
pipe, melted into an opake globule of a 
metallic appearance; this efferveſced with- 
lime, with borax, and microcoſmic ſalt; 
but the globule, with microcoſmic falt, 
when loaded with a certain quantity, grew. 
red on cooling, paſting in a fingle oe 
from the moſt ſplendid reddiſh tranſparency 
to opacity. There is no doubt but that 
this foreign mixture is owing to the inſtru- 
ments made uſe of, for which reaſon the 
powdered diamond is ſold at a ſmaller price 


than pieces of diamond fo ſmall that they n 


are of no uſe but for pulverization. 
The other gems are much more eefily 
h eder and at length may be united 
with water; while the pure water is milky, 
it is to be carefully decanted, and freſh 
ured on repeatedly, until by degrees the 
whole maſs has acquired ſuch a degree of 
ſubtilty, that it can remain ſuſpended, 
though remaining at reſt for ſome minutes. 
The moſt extenſive ſurface poſſible is ne- 
ceflary, that the menſtrua may be able to 
looſen the cloſe connection of the primitive 
principles; but as the agate is much infe- 


rior in hardneſh to the gems, fomething of —_ 


the filiceous earth muſt neceſſarily be abra- 
er even by the moſt gentle triture, which 
CR a of 18 
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is mixed, and, although known as to its naz 
ture, nearly unknown as to quantity, un- 

leſs by weighing the veſſel exactly before and 

after, eſpecially if it be convenient to make 
experiments upon ſmall quantities only. 


(c). It is not a little difficult to pro- 


cure ſuch veſſels as are fit for theſe ex- 


periments in the dry way. The common 


crucibles have . ſurfaces filled with 


little holes, which hide a quantity of the 
matter very confiderable where experiments 
are made upon minute portions and what 
is ſtill worſe, they conſiſt of argillaceous 


and ſiliceous earth mixed, which muſt ren- 

der our conclufion Gllacious: and uncertain, 
. eſpecially when fixed alkali is uſed. . In or- 

der to diſcover the effect produced by this 

circumſtance, I made the 2 

ment: —a ſmall Heſſian crucible, exactly ba- 

lanced, weighed 1, 58 5 aſſay pounds; intq 


ollowing experi- 


this I pat 100 of dry ſalt of tartar, and ex- 
poſed it for 37 minutes to a melting heat; 
but upon cooling I found no more than 
I 645 ; ſo that 40 pounds had flown off, 
owing, no doubt, to the aerial acid and the 
moiſture ; the former adhering to the al- 
kali, the latter both to the falt and the 
crucible. - The fuſed pellucid maſs at the 
bottom at firſt ate: a glaſs, but was 


; by degrees obſcured by attracting the wa- 


tery vapours from the armoſphere : this I 
firſt waſhed with warm water, which, when 


e off, Wee a jelly; 3 when wel! 


waſhed, 


e rods of this metal are o 


* r - 
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water bell Elte went h meld) ali with 


warm water, and dried, it weighed 12 lb. 


which, upon examination, appeared to be 
altogether ſiliceous. The ſolution pre- 
cipitated by fixed alkali, gave 6 lb. of 
earth of alum; beſides, the crucible was 
remarkably corroded, particularly about 'the 
ſurface of the fuſed maſs. Hence the parti- 


cles and fragments which were ſeparated 


in the waſhing, when dried weighed: 10 lb. 
but the | crucible itſelf, well waſhed and 


dried, now. weighed 1,594 lb. which is 
greater than its weight when new; there 


. fore, as 12 + 6 + 10 = 28, and 1,585 — 


28 —_ 1557. and 1,594 — 1,557 = „ 37, it 


is manifeſt, that during the fuſion the {a 


alkali had extracted 12 lb. of filiceous earth, 
that is nearly 4 U its own weight, and 6 of 


clay, or nearly r; and that beſides the cru- 


Cible retained 37 1b. of fixed alkali, which 
covered the bottom with a vitreous cruſt 
not at all ſoluble in water: theſe circum- 


| ſtances ſhew plainly, that we muſt not truſt 


to the crucible in decompoſing the ſeveral 
genera of earths by the dry way, as it 
will ſuperadd heterogeneous matters, or at 


leaſt change the er h of the prin- 


e 
In the examination l quartz, 1 Peer: for 


many years made uſe. of the iron diſhes. 


which are deſcribed in the Freatiſe de Ter- 

ris Geoponicis. It is well known, that the 
ot A paral- 

G 4- | lelopiped 


68 
lelopiped form, two of whoſe oppoſite fides 
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are broader than the other two; I made 
choice of forged iron of the beſt kind; 


the rod I had cut into pieces of an inch 


in length, and on each of the broader ſur- 
faces I hollowed out a ſegment of a ſphere; 
in theſe cavities, when arte and poliſh- 
ed, I put the mixtures with alkah, and 


; by an iron cover 8 the falling in of 


aſhes and coals. I alſo made trial of another 
metal, namely, platina precipitated from 


aqua regis by fal ammoniac, and afterwards 


fuſed by microcoſmic falt, and then formed, 
by hammering, into a little cup; but the | 


large pieces of regulus obtained this way 
were brittle, and none but thoſe which 
were very ſmall were ſo perfectly fuſed as 


to be malleable. The little cups made of 


this metal could therefore only contain a 
few grains; but if they can ever be ob- 


e of a ge ſize, they will be in all 

s the being infuſible by fire; 
os 22 at firſt they be ſatkiciently boiled in 
marine acid, the maſſes afterwards fuſed in 


them will not be adulterated with any iron 4 


they may indeed be elixated by any ac 
menſtruum, except aqua regis. 
If the mineral earths are fuſed in Jin 


' diſhes, by means of alkaline ſalts, a conſider- 


able quantity of the iron is mixed with 
them, which renders the ſeparation of their 


by ape principles extremely difficult; but 


a ne ä of the degree of fire 
Fig the 


% 


fore, is to be employed but ſuch as has 


= 
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the deſired end may be obtained without 
oy inconvenience, as we ſhall hereafter 


we In. theſe experiments it is neceſſary 
to have the menſtrua much purer than they 


are generally found. The vitriolic acid 
which is for ſale is adulterated with a va- 


riety of heterogeneous matters, and among 
others ſometimes with gypſum and vitriol; 
which occaſions a conſiderable difference in 
enquiries ſuch as ours: No other, theres 


| paſſed over from a low Sued by a wn | 
diſtillation. - _ 

The other acids too require to be depu- 
rated by a eee diſtillation, for it is par- 
ticularly neceſſary that they be freed from 
all earthy or metallic ee. e as rg 1 | 
confound the quantity 2 
eee which are explo BY th ana 
| * 

7 Th common alkali of tartar is weg 
adulterated with ſiliceous atoms, the weight 
of which frequently amounts to o, oa; theſe 
in the ſtrong acids immediately are ſeparated; 
but being united with the alkali, remain in 
the watery ſolution until the menſtruum 
has attracted aerial acid from the atmo- 
ſphere, which proceeds very ſlowly; for this 
reaſon, in experiments which require much _ 
accuracy, 1 uſe no other alkali than the mi- 

neral well depurated, or the vegetable en- 
tracted by diſtilled water from cream of 
a 
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tartar in a well-burned glaſs: veſſel, which 
- manifeſts no ſigns of ſiliceous earth. 805 


MN 'S | w. Power of Acids in Abe the 
There a are 8 yet diſcovered five ie 
85 of earths, which are ſo ſimple that they 
cannot, by any means hitherto known, be 
reſolved into more ſimple ones, nor be 
tranſmuted one into the other; theſe are 
therefore called primitive earths, and that 
with juſtice, until new experiments evince 
the contrary :—theſe are terra ponderoſa, 
lime, magneſia, argillaceous and ſiliceous 
earth. It cannot be denied that it is not 
| altogether. without probability ſome. ima- 
gine that the number of theſe. carths ſhould 
be. diminiſhed, conſidering them all as mo- 
difications of one; but in the explanation 
of nature, we muſt not ſo far indulge con- 
jecture, as to ſuffer the vain phantaſms of 
imagination to prevail over phænomena con- 
firmed by conſtant experience, and not im- 
peached by a ſingle experiment, when made 
with accuracy. Four of the above-men- 
tioned earths are ſoluble in certain acids; 
the fifth alone rejects all acids, except that 
of the mineral fluor. If, therefore, ſome of 
theſe, in greater or leſs number, be united 
into one maſs, chemiſtry is able to ſeparate 
them all by the uſe of appropriated men- 
hay eplarging the ſurface of contact aſſiſts 


the 
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the action of the menſtruum very much, 
the earth muſt therefore be reduced to a 
very ſubtile powder. Sometimes, however, 

mechanical divifion is not ſufficient, and 

the operation muſt be performed chymi- 
cally, which, in the preſent inſtance, is done 
in the dry way, by means of an alkaline 
falt, which by attacking the ſiliceous earth 
looſens the connection of the rinciples to 
what degree the uſe of dee ee. pulve- 
rization alone ney be carried, we ——_ on 


8 


(A) Vitriolic acid did not attack the dia- 
mond in any way in which I have hitherto 
employed it; but I muſt confeſs, that I 
made .uſe only of very ſmall. portions : +I 
choſe. the ſmalleſt fragments of the thinneſt 
lamellz, being very reaſonably. diſtruſtful of 
the powder which is for ſale. A double 
weight of vitriolic acid, highly concentrat- 
ed, added to a very ſubtile powder of the 
other gems, and afterwards diſcharged by 


boiling to aryneſs, operates very power- 


fully; for the reſiduum, elixated with warm 


water, yields not only a metallic colouring 


ſubſtance, but a ſmall portion of lime: the | 


metallic part, precipitated by a phlogiſticat- 
ed alkaline lixivium, yields a beautiful Pruſ- 
fian blue; ſo that from hence it clearly ap- 
pears, that the red colour of the ruby, as well 
as the blue of the ſapphire, the yellow of the 
topaz, the tawny o ho hyacinth, and the 
1 8580 of the emerald, 1 is to be attributed to 


iron; 


* 
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iron; the quantity of which I determined by 
that of the blue precipitate. As I have elſe- 
where (4) demonſtrated, that fix parts of the 
Pruſſian blue are obtained from one of the 
diſſolved iron, I precipitated the calcare- 

ous matters with an alkali, and it was found 
ſo pure, that with vitriolic acid it did not 
ſhew the ſmalleſt traces of argillaceous 
carth, many = voi in the decompoſition of the 
ſapphire. Below are found the quantities 
extracted from 1 100 aſſay pounds, expreſſed 
in TUO parts, or angle prongs: OMA 


| enge Iron. 
The ruby, red | oriental 9 4-16 


ſapphire, blue oriental — 2 
topaz, yellow - Saxon — 6 
byacinth, tawny- oriental 20 — 13 
emerald, green — oriental 84 — 2 


By this nhl] all the 8 earth 
＋ iron are een, as will N hefe- 
after. 

(3) Doncimrates nitrous acid, by ages. 
tion and decoction, yielded nearly the ſame 
reſult; I uſed eight times the quantity of this 
menſtruum, continued the digeſtion for two 
days, and the boiling for an hour; I cau- 
tiouſly decanted off the clear liquor, and 
poured on again the ſame quantity of men- 
* e and then boiled 1 it : tie 


(8) De Min, Doc, ae 8 
2 5 operation 
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aperation. J repeated twice more, and then 


ſtopped, as the laſt liquor contained very 
lies  itlolved matt. 


Theſe liquors, collected and precipitated, | 


gave nearly the ſame reſult as mentioned in 
A, at leaſt with regard to the lime; and ĩn 
the iron the difference never exceeded 0,02. 


The nitrous acid, eſpecially when aſſiſted by 


heat, dephlogiſticates the iron, and in that 
caſe takes it up with great difficulty : hence 


too, in this experiment, the i iron Was mixed 


with a little ochre, . 

The diamond rejects this menſtruum as 
well as the former. 

(c) Jemployed the concentrated marine, 
as well as nitrous acid; and with the ſame 


| ſucceſs, except that it extracted the iron 
better than even vitriolic acid, but the dif- 


ference did not exceed 0,01. 


We ſee, therefore, chat from the ge © gems ms 
bo 


properly ſo called a ſmall quantity o 

and iron may be extracted by acid menſtrua 

but as what is extracted ſcarcely amounts — 
5. of the whole, and after the ſeparation 


the reſiduum is nearly of the ſame nature as 


before, I began to eee that the ex- 
tracted part is accidental, and that the reſi- 


duum conſtitutes the particular primitive 


earth; and this is an opinion which I have 
publiſhed in other works. In the mean 
time, however, the few veſtiges of argilla- 
ceous earth which are e e from the 

ahn, and which ſametimes amount to 


0,02, 


& 


— 


- 4. 8 — r « 
N "al au WUZ 2 — 1 hy —þ ” „ 2 © * 
2 — — — — * — Se => A 8 A 2 ts Re And 2s — 
——— an" 2 — - j 2 — — — — r — 0 8 D — 1 
* * 1 DT > 7 - + * 2 — K 4 8 23 — 4 — 
UN Id a ra? — r — . a * 4 C : 6 Dy 
* — — L = — Ts — rer * — A 
— — ; py Jar: 0 — + = ew; 22 5 . 
— — — 


— r 
— D 4,9 - 4.o.a\t 
— ©," oy > b 


», 
— 


= —— 
r io Ee aA s — 2 _ 
GC * CE —— a. a — — 3 =: . 


- — — * 
8 Sts FLEET iS, = — — * 14 850 ” 
*% "OY — = 2 E — 3 — ——— —.— — 4 = " h 6 1 1 * "= 
Pr 1 —— "1 1 8 — 1 — * — — — * —— — = - — s — CR * — 2 0 
* = £ tu NN — 1 — yg _ Lb + — * 85 — — - — — — — * * * i we . 2 q " 4 
— — 2 e 2 „ ” , #5 a * 9 - * * 2 =. MN — —_— A „ 74 — - — — ——— . — = 3 = *” — 7 — — L * "2087 by 
wt — 2 — _ — — — — — — I i 1 7; 0 9 — * - 5 hog era o * r 5 — . — — _—_— . 2 — ot — * 1 
— — — — - . — a — : 5 ! . * — — 2 a es * 6 — — . — 
— : : 2 — — — = 2 — 2. 
—— — = ” ' — r — 8 2 2 q — — 4 w . — — 
2 = — : . — 8 —— = —.— = — — = 25 ” ed . oy 4 . — 
— = — 7 = — — - — — - 5 Py 4 CT — 12 ” » = 4 — 22 2 1 4% - 2 * h 
. —— — uu — r > — — " — 4 - — — = — — £ N - " : 5 3 2 N * * r. 3 > 
. g — L - - 42%. want hu. * —— x = — — — _ — « — p OE? DATE 8 1 I * 5 e =>” 
g 2 * wy 1 { —_— 4 — — — Fi 2 — — —— . — — wc — 5 VE Ny : * P45 =—_— 
1 9 K = ,*% Wir "8 A 2 * n e 2 PP 22 — 6 - * ry E £ LIT * - — * - — — — 44 : 
? N , * - N VET. WARS nes - — 1” OL 2 * * — 72 5 
Lt — * hy * 5 ” ad 2 I 22 © — - 8 —— 5 
* * 2 e fo * 5 ** 2 
— 
1. - ” : 


- — — — - 


— — 


Ne 
2 & 2 
o 


, 


94 or Tur rARTRH or GIs. 


os oa, ſtarted à ſcruple of great weight; 48 
1 had often before experienced that bodies 


which, notwithſtanding the moſt fubtile 
mechanical pulverization, appear infoluble, 
yet upon being diſſolved in another men- 
ſtruum are afterwatds actually taken up by 
the very menſtrua which before were inef- 
fectual: I therefore tried in many ways to 
effect my purpoſe. One part of alkaline 
ſalt, by means of a due degree of fire, reduces 
two parts of quartz or flint to a tranſpa- 
rent ſtrong glaſs; but as the proportion of 
falt is encreaſed, the glaſs becomes the worſe, 
and is not only corroded by acids, but, if it 
contains a double quantity of falt, deli- 
quiates in the open air: by this method 4 
glaſs may be had ſoluble in water. The 
gems could not heretofore be reduced to 


tranſparent maſſes by means of alkali, and 


a quadruple quantity of falt is requiſite 


to make them coaleſce in fuſion to a certain 


degree; but as this operation cannot ſafely 


99 


be performed but in iron veſſels, in which 
caſe the maſs not only adheres obſtinately to 
the veſſel, but is at the ſame time loaded 


with iron, this method is liable to great in- 


conveniencies ; but upon trial I have found 


that fuſion is not neceſſary, and that the 


purpoſe is equally anſwered, if the quantity 
of alkali be ſuch that the particles may co- 
aleſce by an incipient fuſion, Hence re- 
ſults a method which I have found extreme- 


ly convenient in the examination of mine- 


5 rals, oy 
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. the application of: which to The: gems * 
I am' now to e IV Si ici 


4 * ' \ © . v7 , 1 # 
+? is : : $ - * * : 
/ «43 ; . 414 
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. of Gems are moſt 92 determined. 55 


(4) The gems are to be reduced to q- 


moſt ſubtile. powder, which may be effected | 
by trituration and elutriation. 


(z) A determined weight of "AY TY 5 


(the larger the quantity the better) 8 to be 


mixed with double its weight of depurated 
mineral alkali which has Undergone! ſponta- 
neous calcination. | 

(c)- Let the mixture be put into an iron 
diſh, the inſide of which ſhould be ſmooth 
and poliſhed, leſt the ſmall pieces, which by 
calcination eaſily ſeparate from the metal, be 
mixed with the contents of the veſſel. 


(Þ) Let the diſh be placed in a wind- | 


furnace, upon a tile, and covered by an in- 
verted crucible, to keep off the coals and 
8 

(E) Let it be gebt moderately hot for 
three or four hours; if the heat be too great 
the maſs adheres to the bottom of the veſſel; 
a blaſt is not to be employed, leſt the iron | 
ſhould ſwell, and go off in ſcoriæ. | 
The firmneſs and coherence of the aig | 
and its being eaſily ſeparable from the veſſel, 
without any mixture, ſhew that the fire has 
been properly regulated ; which may be S 
learned by a few trials. 2 


(7) Let 
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{xr) Let the maſs, carefully ſeparated 
from the veſſel, be powdered in an agate 
mortar ; and let all that is ſoluble be ex- 

| tracted from it by. marine acid, in A dige 
ing heat. 

That nothing more remains to be extract - 
ed, may in ſome meaſure be judged by the 

light and ſp Saal b (jel of the reſiduum, 
but more certainly b the addition of 2 new 
aka of acid, 4 2% when digeſted * 
yeral hours, does not take up any thing. 

(6) The ſolution being finiſhed, the re- 
Gabun is collected and waſhed well, dried, 

and weighed. The deficiency of the for- 
mer weight determines the quantity diſ- 
ſolved. 

(x) The 1 1s yellow, which t 
cates the preſence of iron: this is yet more 
certainly manifeſted by an alkaline phlogiſ- 
ticated lixivium, and therefore 177 _— 
ſhould be firſt precipitated i wage r- 
ly ſaturated. The ruſhan blue 1 is 800 ect 
ed, waſhed, and dried; the ſixth part of 
which indicates the quantity of iron 

(1) The earth, freed from all the metallic 
parts, is precipitated by a fixed alkali, puri- 
fied completely from filiceous earth: let the 

recipitate, waſhed, dried, kept red hot for 
half an hour, and then weighed, be plung- 
ed into fix times its weight of dittillel vine- 
gar, which in the cold, in the ſpace of 
an hour will diſſolve all the lime, magneſia, 
or terra ponderoſa, which is Preſents 1 2 
oes 
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does not take up any conſiderable portion of 
clay, unleſs by a long digeſtion. | 

(x) The vinegar filtered, yields to an 
aerated fixed alkali all the earth which it 
held diflolved, which muſt be edulcorated 
and weighed. I mention particularly an 

aerated fixed alkali, as ſuch an one precipi- 
tates even terra ponderoſa, which eludes the 
cauſtic alkali. 
(.) The nature of the precipitate thrown 
down from the vinegar is next to be exa- 

mined: if this be put into diluted vitriolic 
acid, the middle ſalt generated will readily 
determine the baſe; for with terra ponde- 
roſa this acid generates ſpathum pondero- 
- ſum inſoluble in warm water, though a 
thouſand times its quantity. With lime it 
produces gypſum, which excites ſcarcely any 
ſenſation of taſte, and diſſolves in five hun- 
dred times its weight of warm water, but is 
immediately thrown down from this ſolu- 
tion by acid of ſugar in the form of ſac- 
charated lime. With magneſia it forms 
Epſom ſalt, extremely bitter, ſoluble in its 
own wel ight of warm water, and quickly 
deſtructible by lime-water. _ 

(M) The reſiduum collected (o) muſt | 
alſo be examined, which is beſt done by the 
blow- pipe: theſe reſidua, in ſmall portions, 


muſt undoubtedly be very minute, and 


#herefore ſhould 1 be treated in large veſ- 

ſels : beſides, the ordinary crucibles are by 

no means fit, where filiceous earth is con- 
* A. H Th cerned, 5 


# 
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cerned, nor are yeſſels of iron fiifely to be 
uſed, as fuſion is neceſſary (S 111. c). " Theſs 
inſoluble refidua are found to conſiſt either 
of particles of gems not yet ſufficiently di- 
vided, or of filiceous earth, as all the other 
earths yield to the force of the acid. 
This operation is eaſily performed by the 
blow-pipe, in the following manner: —let 
a piece of mineral alkali be fuſed in a ſilver 
ſpoon, and to it be added a ſmall quantity of 
the reſiduum; the circumſtances of their 
union are then to be carefully obſerved, for 
if the reſiduum enters the fuſed alkali with 
a vehement efferveſcence, and is all quickly 
diſſolved, it is truly filiceous ; but if it en- 
ters Without efferveſcence, and afterwards 
continues rolling about in form of a po-]. - 
der (which, as the fuſed maſs is tranſpa- 
rent, may eaſily be ſeen) we may conclude 
that. there ſtill remain in it ſome particles of 
the gem. 
: 1 | The reſiduum mentioned (1) has 
1 ä — alledged to be argillaceous ; but to de- 
BE - monftrate this, let it be treated with thrice 
. its weight of concentrated vitriolic acid, ſo 
_ that the liquor may evaporate to dryneſs; 
11 the remaining maſs, if the baſe be argilla- 
— 11 ceous, will diſſolve in twice its weight of 
warm water, produce a ſweetiſh N 
taſte in the mouth, yield octaedral cryſtals, 
be quickly precipitated by cauſtic volatile 
alkali, and exhibit the other a DF 
which 88 is diſtinguiſhed.” 
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§ vi. ' Proviniate Principles of the Gem 


I Fat, nod the gems in the manner 
above deſcribed:—the reſiduum of 6 I found 
purely filiceous ; the precipitate. of u, a ge- 


nuine Pruſſian blue; that part diſſolyed by 


diſtilled vinegar in k, wholly calcareous; 
and what remained undiſſolved, argillaceous: 
ſo that I entertain no doubt concerning the 


quality of the principles. As to the quantity 


and relative proportions, many experiments. 
are neceſſary to determine that point; for I 


have only uſed very ſmall quantities, not 
exceeding an aſſay hundred. Upon ſubject- 


ing the matter of the ſame cryſtal twice to 
experiment, a difference occurred ſcarce 


_ exceeding rv but different cryſtals, v. g. 


different rubies, differed more, even to 0,07, 


Doubtleſs in every ſpecies the proportions. 


may vary a little, within certain limits, 
which yet remain to be diſcovered. 
Here follow the mean quantities extract - 
ed from each 100, according to my experi- 
ments: as the argillaceous earth forms the 
largeſt part of all of them, I have arranged 
them according to the quantity of that in- 
en 5 


3 Riliocous | 5 Rn 
C. Earth. Lime. Iron» 


Sipphire e 
Top. + 46 6 ry . 
Hyacinth = 40 25 2 13 


ä Ruby 40 39 9 10 


% 
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| 


By clay I mean nothing more than the 


earth of alum, which is found in all clay 
mixed with ſiliceous powder (§ v. N). 
By filiceous earth J underſtand ſuch as 


principally conſtitutes pure quartz, moun- 


tain cryſtal, and flints (S vi1). The num- 
bers in the third column point out aerated 
lime : a doubt may indeed be ſtarted, whe- 


ther it enters into the compoſition pure or 
' aerated ; if the latter be the caſe, the cloſe- 


neſs of its connection with the other prin- 
ciples, and the fmallneſs of its quantity, 
which never exceeds 2, and is in general leſs 
than ve, may be ſufficient to prevent any 
diminution of weight in the fire, or any vi- 
ſible efferveſcence with acids; but the de- 
ficiency of weight which nevertheleſs oc- 
curs ſeems to indicate that it enters the 


compoſition aerated. ' Out of 100 parts one 


or two are eaſily diſſipated in the various 
operations in different veſſels and filters; 


which accounts for ſome of the tiefictthbics | 


in the above table; but 5, 8, and much 
leſs 12 parts, could not eſcape proper accu- 
racy in that analyſis, which laſt would be 
the caſe in the decompoſition of the hya- 
cinth, on the ſuppoſition that the lime was 
preſent free from aerial acid. I could ob- 
ſerve nothing volatile, after an expoſition of 


ſeveral hours to a white heat, nor upon the 


addition of acids is any thing ſublimed 
while they paſs over into the receiver. FI 
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The laſt column ſhews the quantity of 
metallic i iron, which, diſſolved in acids, and 
precipitated by phlogiſticated alkali, yields 
a quantity of dark Pruſſian blue, equal to 
that obtained from the ſeveral gems reſpec- | 
tively (Sv. u). Now the iron is here pre- 
. ſent in a calcined ſtate, and this metal, like 
others, has its weight increaſed by calcina- 
tion, ſometimes amounting even to o, 36: 
hence it follows that the uantity of mar- 


4 tial ingredients is ſomewhat greater than 
is denoted by the numbers; and this metal 


W3. 


gives birth to different colours, not only in 
Proportion to its quantity but its quality, 
that is, the quantity and modification of the 

phlogiſton remaining in the 1 | 
From the above it may alſo be collected, : 
that the. gems agree in this reſpect; that 


they all conſiſt of the ſame principles; and ; 


that of theſe the argillaceous earth forms 
the greateſt part, then the filiceous, next the 
calcareous, and leaſt of all the iron ;—=the 
two firſt ingredients vary extremely. _. 
The knowledge of the principles muſt ne- 
ceſſarily throw ſome light on the properties. 
\ Theſe gems exceed all other bodies in hard- 
' neſs, the diamond excepted ; and we find . 
UPON analyfis, that they abound in argilla- 
ceous earth. Hence we may form ſome 
judgment of the prodigious degree of exfic- 
cation requiſite to occaſion ſuch a degree of 
hardneſs. The heat of the temperate, zone 
is found inſufficient for this purpoſe, 'and 
OB the 
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2568 the more conſtant and intenſe heat of the 
tropical climate is requiſite: - condenſation 
is the neceſſary conſequence of this hard- 
neſs, hence the gems are more ponderous 

than the other earthy cryſtalsss. 
The gems, except emerald and hyacinth, 
3 reſiſt the moſt intenſe fire; yet we know 
1 | that the ruby has been ſoftened in the focus 
of a burning mirror. Experience alſo ſhews, 
| that the four principles of which they are 
| . compoſed, according to their various pro- 
| ortions, form mixtures with very different 
' degrees of fuſtbility : fixed alkali attracts 
fil:iceous earth very powerfully, but ſcarcely 
acts upon argillaceous earth or lime; hence 
it is with difficulty it acts upon the gems 


{mall quantity, but is alſo cloſely united 
with the other principles; 0 the eme - 
rald, which is inferior in hardneſs to the 
reſt, the looſer texture permits the alkali to 
attack the filiceous earth more readily; 


this ſalt, it is reſolved into a powder, with 
Bens a momentary efferveſcence. The microcoſ- 
3 mic ſalt diſſolves lime and argillaceous earth 


the former the latter is taken up though 

flowly. Finally, borax; which in the dry 
EIS method, ſtrongly attracts all the principles, 
1 diſſolves their combinations more eaſily than 


The 
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 . -—- _ mn which not only the filiceous earth is in 


hence, when expoſed to the blow-pipe with 


_ very well, but hardly the filiceous ; yet, as 
this is but in {ſmall -quantity, «by means of 
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* Tha ſame kind of delay which the argil- : 
laceous and calcareous earths. occaſion in tds 


action of fixed alkali, by covering the ſili-⸗ 
ceous earth, does the cloſe union of that 
earth with them occaſion to qeid menftrua | 
ſo that, without ſome previous preparation 

with alkali, ſcarcely any thing. can be extris 


_ cated, Wh the nd che matallie © parks. 


©) vir. Cryſtal allied to 0 Gm, Lal 


Upon conſidering what has been aid, 1 
believe no one will deny that in à ſyſtem of 
natural hiſtory the gems belong to the tribe 
of compound argillaceous, ſubſtances; but 
as nature operates by inſenſible degrees, it 
will net be improper here to conſider other 
cryſtals which are nearly related to the 
gems; for by inereaſing the proportion of 
filiceous earth a great number of ſubſtances, 


compoſed of the ſame materials, will appear, 
differing from them more or leſs. To this 
_ claſs belongs a number of ſtones, ſuch as 
garnet, ſchoerl, zeolith, and quartz; the 


two former of theſe, e in the ſame 


way as the gems (F v.), exhibit the ſame 
principles, but in thoſe the ſiliceous earth 


predominates over the argillaceous; yet is 
the connection of the principles fo. cloſe, 


that the garnet always ſtrikes fire with 
ſteel, and the ſchoerl not unftequently. 


Theſe are followed by the zeolith, the tex- 
ture of which is ſo lax that acids ſeparate its 


d 2 ; H * ; conſtituent | 


* 


8 


* — 7 — 
— —_— - 


2 SOIT 


mult therefore be reduced to +. 


104 or THE EARTH OP OEMs. 


conſtituent parts, without any other previous . 


boy 8 than a mechanical pulverization. 


he zeolith very ſeldom ſtrikes fire with 


ſteel, yet is ſometimes found hard enough I 


for that purpoſe : ſuch is the white zeo- 
lith of mount Moeſſeberg in Weſt Goth - 


land, and the green in the gold mine at 


Adelfors: it is alſo very ſeldom tranſparent. 
The quartz forms as it were the extreme 
link of the chain; for this abounds ſa much 
with filiceous N as almoſt to conceal 


the other principles: if the analyſis be at- 


tempted with a double quantity of mineral 
alkali, it is extremely difficult to moderate 
the fire ſo as to prevent fuſion; the ſalt 


If the menſtrua be afterwards employed 
in the manner deſcribed for the gems, very 
little clay or lime is obtained. I am not 
certain whether there be any mountain cryſ- 


- tals entirely filiceous, which perhaps may be 


the caſe. I have long ſince declared, chat 1 

did not diſcover any argillaceous earth; but 

at the ſame time I obſeryed that the ex- 
riment was imperfect. 


It will be proper to conclude, by eſta 


blithing the characters of the ſtones which 
have been accurately examined (for the be- 
nefit of mineralogiſts); and at the ſame 


time to explain their geneſis and connec- 


tions. 


We ſhall firſt define thoſe which PN 


long to the claſs of argillacea ; concerning 


which, 
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which, though the chief circumſtances have 
been already mentioned, I think it fit to 

repeat them in a compendious Ways and then 

go on to the filicea. 8 


The Gem. 


A ſmall piece of this, expoſed on _ | 
coal to the blow-pipe, does not flow; but 
by a very long continued flame, the 'bya- 
cinth and emerald, to which we may add 
the aqua-marinus and the cryſolith, are ſoft- 

ened and rendered opake, - 

Fuſed with the mineral alkali in a filver 
ſpoon, no efferveſcence is obſerved, nor any 


diminution, except in the emerald, the aqua= 


marinus, and the cryſolith, which are as it 
were upon the confines of the ſchoerls ; 
theſe are reſolved into a powder, but a re- 


fractory one, which revolves in the globule 


of ſalt, without any ſenſible diminution. 
It is diffolved, though flowly, by the mi- 
crocoſmic ſalt, without any commotion. + 
Glaſs is not tinged, unleſs by the red ruby, 
which colours it of a beautiful green: it 
remains nearly tranſparent with the reſt : 
with the hyacinth and emerald it grows 
opake upon cooling. 
With borax it difappears a little ſooner. 
An addition of lime aſſiſts the ſolution, 
which was firſt obſerved by the celebrated 
D. Quiſt, and agrees extremely well with 
its known compoſition, © 
; | The 
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14 e acids, by long digeſtion, extract a ; Gy 


| 1 anal portion of the lime and iron; but if 9 Þ 
14 ſttzhe gem has been previouſly treated with : 
| {4 _ alkali, they alſo take up; the clay ſo that 
: 2 the filiceous earth alone remains undiſ- l 
1 e ſolred. 5 

— 14 In general the gems oft of an argilla- 

= teüue earth, which forms the greateſt part; 

[| 1 then ſiliceous earth; then lime; and, final- 

14 ly, iron variouſly modified: the propor- 

' = tions of each ſpecies muſt be determined 

— 'F by a great number of experiments. It _ 

[ _ alſo remains to be determined, whether | 
11.3 ie various colours of each ſpecies occaſions 

14 any diverſity; and whether the hexagonal or 

1 octaedral priſmatic form conſtantly indicates 


any remarkable variety in the compoſition. . 1 
The ruby is generally of an octaedral : 
form; ſometimes too, accidentally, ſchoerlas * 
ceous: analyſis has not yet determined the 
compoſition of any priſmatic ruby. 

The ſapphire is ſometimes found eryſtal- 
Iized like quartz; ſometimes it bears the 
form of an obliqve parallelopiped; ſome- 

5 wn as authors * it is octaedral. | 

The topaz commonly affects either a cu 
bic or parallelopiped formꝭ in ſuch a ma 
ner, however, that the figure is ſeldom com- 
plete, but the number of ſides is augmented 
by the defect in the priſm itſelf, and par- 
ticularly in the 1 ts nl the Pe * 
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The byacinth alſo exhibits» a . e 
2 but W by a n (Gicd 
20. 91 7783 „ Rs 
The etuerald is 1 an hexagonal - 
priſm, truncated at right angles. 


No perſon , devoted to'the ſtudy of . | Y 0 


neralogy ſhould forget of how liefle conſe- 
ence external marks are, eſpecially as 
wee by triture become ſhapeleſs, or at 
leaſt irregular. Science has much to ex- 
pect from the analyſis of oryſtals, both of 
the fame and different figures, although, be- 
fore the compoſition can be examined, they 
muſt be 0 fr oem. OI of ee) Wen- 
ral form. | 31 
Ihe ſpecies of cems is uſed to be . 
mined by the hardneſs; and by that quality - 
rticularly, together with the e 
as their goodneſs been eſtimated. The 
ſpinellus is. particularly worthy of obſer- 
vation, which is not only powdered by the 


ſapphire, but even by the topaz; as alſo 


the cryſolith, which is broken down by the 
mountain cryſtal, the | hardneſs of which 
| ſeems rather to be owing to the degree of 


exſiccation than the proportion of ingre- 
dients. The analyſis of ſpinellus, of eryſo- 


lith, and other varieties, will ſometimes il- 
luſtrate the true connection; otherwiſe; after 
the diamond, the firſt degree of hardneſs 


belongs to the ruby, the ſecond to ſapphire, 


third to the topaz, next to which comes 


the | 
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the genuine e and, fourth, the 
_ emerald. 
Formerly colour was rey confided 


in; but now neither can a red characterize 


the ruby, a blue the ſapphire, a yew the 


topaz, or a green the emerald.. 


The ſpecific gravity varies ſo much, that 


from it nothing certain can be determined 
concerning the ſpecies; but the topaz is 


generally moſt weighty, from 3,460 to 
4560 ; the next is the ruby, from 3, 180 


to 4, 240; then the ſapphire, from 3, 65 


as 3-940 z and, finally, the emerald, from 


780 to 3,711; among the varieties of 


which laſt the cryſolith i is moſt PTE 


The Garnet. 
A ſmall piece expoſed to the flame flows 


without ebullition, ſometimes into a green 


pellucid globule, ſometimes into a black 


ſcoria. 
With mineral alkali it reſolves into a re- 
| fractory powder ſo ſlowly, that ſcarce any 
efferveſcence is obſerved: when the iron 
predominates the maſs grows brown. 
With microcoſmic falt it diflolves, with- 
out any appearance of bubbles, yielding a 
glaſs, which is green or blackiſh, if much 
iron be preſent. 


With borax the fame circumſtances take 


place. 


The acids extract ſcarce any thing more 
than 


"is 

Py 
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than the lime and iron; but after prepara- 
tion with alkali, they alſo take up the clay, 
which being ſeparated the ſiliceous earth 
remains alone. | Fe 

The filiceous earth forms the great teſt 
part ; next the argillaceous ; ; the — 
is in ſtill ſmaller quantity. _ 

The iron varies much; the pellucid 
tals contain about o, oa, the opake and black 
ſometimes ſo far as o, 2: lead is ſeldom pre- 
ſent. The cryſtals which contain tin, call- 
ed zingraupen, are nearly allied to the * 
nets. 
The form, when Ge is 08 
dral, conſiſting of equal rThombi; this may 
be. conceived as an hexagonal iſm, ter- 
minated at each end by three ae It 
ſometimes puts on the hyacinthine form, 
though but ſeldom complete, eſpecially | 
when loaded with tin : the varieties are 
manifold ; the internal texture is laminated, 
though not conſpicuouſſy. 

It yields in hardneſs to the topaz, but | 
exceeds the mountain cryſtal. | | 

The colour of pellucid garnet is red, 
ſometimes more or leſs verging to yellow, 
ſometimes to violet: that of "the opake is 
Wc red, or blackiſh. | 

It approaches neareſt to the topaz in (hes 
| cific gravity ; and, when copiouſly loaded 
with iron, ſcarcely exceeds it, being from 
36000 to o 4-600. | 
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20 he 'Schoerl- 


collected into a globule, as is the caſe with 


ths. turmalin.of Ceylon, which is akin, to 


is, as alſo with the ſquamous ſehoerl, 


called horn- blen. 
With the mineral alkali it reſolves into 4 


powder, with a light and almoſt momen- 


tary. efferveſcence. 


With microcoſmic falt it diflolves with 
a ſlight efferveſcence ; and on the addition 
of a greater quantity, the globules begins to 


grow opake, 


With borax the caſe i is PS, ame; bat the 


globule remains clear, unleſs made blackiſh : 


by a large quantity of iron. 
By long digeſtion the acids extract the 
calcareous earth, the, metallic part, and even 


a great quantity of the clay; but by pre- 
vious preparation with alkali, the more 
ſoluble parts e from the filiceous 


earth. | 
The 8 earth is in ſomewhat greater 


FX quantity than in the garnet; the argillaceous 


is next in order; laſt, the calcareous.” The 


martial ingredient forms about o, o4 in the 


pellucid cryſtals; in the opake, particularly 


the black, it ſometimes amounts to 0,2. | 


Its cryſtalline form, when complete, is 


| the ſame with that of the garnet, only the 
8 925 is more e but it is very ſel- 
dom 5 


* 
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” 'A K piece expoſed to the flame 1 ole 
flightly, and grows ſoft, but can ſcarcely. be 
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dom found perfect; hence the defect of 
apices and priſms of a greater number of 


ſides. The angular longitudinal excavations 


are doubtleſs the veſtiges of 'cryſtalline ſpil | 
culæ formed at the fame time; zethe horn- 
blend is generally found concreted” into 


ſquamous ſquare lamellz ; the texture is 


| ſpathaceous, bas. not alas conſpi- 
cCuous ..“ As cee 
It ſcarcely exceeds the mountain oryſtal 
in hardneſs; but the priſmatio may often 
be cut by a knife + + the ſquamous hos 
" VWs 1 nid send TO 


The colour of the manſlueid beylule 6 


/ 


yellow or brown, but gona n the a 


opake black or green. 


It is nearly equal in ſpecific! gnevity to 


the garnet, between 3,000 and 4,000; the 


4 


The Zeolitb. 


A ſmall piece expoſed to the flame grelle 35 


up like borax, with the greater vehemence 
in proportion, as it is more cryſtalline ; it 


finally goes off in a ſpumous ſcoria, and can 
very ſeldom be brought into a Slobule ; a 


few varieties of it ſhew a momentary expan- 


— 


% | 


ſion of volume, and that without any ebul- 
lition. 8 
With the microcoſmic ſalt it ſwells . 
diſſolving, but . and the e re- 
mains Clear. . 
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With borax it diſſolves i in the ſame man- 
ner. 

The acids track, every has that is ſo- 
luble, without previous preparation with 
alkali, nay ſometimes they reſolve. it into 
a jelly. 

In this too the filiceous ch is more 
Sear than the argillaceous ; the calca- 
reous makes the ſmalleſt part; the iron 
fcarcely exceeds o,o . | 
The form of the cryſtals is ſeldom . 
matic ; generally an imperfect pyramid ; 
many diverge from the ſame point, with 
broad extremities, and often coaleſce into 
{ſmall ſpheres. 

Its hardneſs is ſeldom ſo great as to ſtrike. 
fire with flint; generally it will not even 
cut glaſs. _ 
I !be colour white and red, ſometimes 
green, very ſeldom tranſparent. 
It is not of great ſpecific gravity, ſcarce 
_ exceeding 2,100. 
From what has been faid it beat ap- 
pears, that the garnet, the ſchoerl, and 
the zeolith, are united in the ſame degree 
of affinity as the ruby, the ſapphire, the 
topaz, the hyacinth, and the emerald ; 
in ſyſtematic arrangement the three gelt 
named are placed not only under diffe- 
rent genera, but often under different or- 
ders. The hardneſs encreaſes in proportion 
to the clay: from the zeolith, through 
the ſchoerl, to the garnet, we may follow 
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the natural chain, by deſcending through 


the faxum trapp. to the marga ;—in this 
there occurs no more than a mechanical 
mixture. Every clay which I have had ah 


opportunity of examining contains filiceous 


particles, finer or coarſer, mixed with it, 


but always exceeding the weight of half the 


mals, frequently amounting to 0,7, nay to 
0,8 ; it is generally alſo mixed with iron, 
from 0,03 to 0,20. Let us now ſuppoſe the 
acceſs of a little calcareous earth, and we ſhall 


have the marga, which is diſcovered. by an 


efferveſcence in acids, although the calca- 
reous earth does not exceed 0,02. In the. 
ſaxum trapp. analyſis diſcovers the ſame 
principles, not ſeparate, as in the former 
caſe, but united, and that not merely by in- 
duration, but by a ſpecies of rude cryſtal- 


lization; for the microſcope diſcovers the 


texture to be ſpiculated or granulated : ſup: 
poſe this to be reckoned among the ſaxa, the 


_ diſtinguiſhing property of which is to ex- 
| hibit particles of different natures, diſtin- 


guiſhable by the eye; it will at leaſt be 


found the moſt ſubtile of mechanical com- 


poſitions, and conſtituting a link of the chain 


which unites the ſaxa with thoſe which, 


although compounded, are yet ſo homoge- 
neous and concreted, by the attraction of 


their parts, that the eye, even aſſiſted by 


the glaſs, cannot diftinguiſh their conſtitu- 

ent parts ; as all the integrant parts contain 

the ſame . principles, and in the 
| 


Vol. 1 ame | 
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ſame proportion as the whole does. To this 
| belong the gems, the garnet, the ſchoerl, 
the zeolith, and other derivative cath, 
which Mr. Cronſtedt conſiders as nected 
I leave it to be determined whether er | 
uls may be formed without the help of any 
other menſtruum than 'water':—to me it 
appears very probable that any fluid vehicle, 
even though not a ſolvent, may be ſufficient 
for this purpoſe, provided the minute atoms 
are ſo ſuſpended in it that they may freely 
obey the laws of their mutual attraction. 
The very minute molecules exert attractions 
proportioned to the amplitude of their ſur- 
faces; a force which is deficient in larger 
particles. More or leſs of water alſo ſeems 
t enter the texture of ſtony cryſtals, al- 
though, by age and exſiccation, this is gene- 
rally expelled. The foaming of the Zeolith 
in the fire is owing to moiſture going off in 
the form of vapour, and no doubt it is a 
ſmaller quantity of this that occaſions the 
Jefler ebullition in the ſchoerl, ſtill leſs in 
the garnet, while there occurs none at all 
in the gems. 

The. petroſiliees alſo contain ſiliceous, 
argillaceous, and aer N earth, intimate- ä 
Ty united. 

On the other hand we may ſhew the pro- | 
greſs of gems, through the mountain cryſ- 

tals to the pure flints. The cleareſt eryſ- 
tals of quartz, which come from Jetland, 
treated With 7 7. of mineral alkali (S v.) 
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afterwards yielded to acids 0,06 of clay, and 
0,01 of calcareous earth; ſo that the ſame 
principles are found as before. If any one 
| ſuſpects. that the whole of the inſoluble 
reſiduum, by ſucceſſive preparation with al- 
kali, might in like manner be reſolved into 


argillaceous and calcareous earth, I can in- 


form him that I have. made the a in 
vain. 


F vir. Of the Diana 


As the diamond is confeſſedly the chief 5 


of the, gems, commonly ſo called, I have in 
the preceding pages only mentioned ſuch 
circumſtances concerning it as ſerve. to 


evince that it differs eſſentially from the 


reſt: I am far from being able to illuſtrate 


this difference further by a perfect analyſis, | 


yet it may not perhaps be altogether uſeleſs 
to mention ſo much as I have been able to 


diſcover. This operation is extremely dif- . 5 


ficult, partly on account of the extravagant 
price, which is required for ſuch quanti- 
ties as are neceſſary to make experiments 
which can be relied on, partly on account 
of the nature of the ſtone itſelf: —in or- 
der therefore to ſmooth the way, by re- 
moving obſtacles, for thoſe whom curiofity 
may invite to the examination of this gem, 
and whom circumſtances permit to proceed 


more eaſily than I have been able to do, I 


hall relate ſuch ein me as I have dii- 
covered. 


* 
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The diamond differs from the ruby and 
the other gems (as has been ſaid before) by 
a degree of hardneſs unknown in any other 
production of nature, and particularly by its 
fugacity in a moderate heat (ſuch as is ſuffi- 
cient to melt filver) er rather by its ſlow de- 
flagration; for when made completely of a 
white heat it not only ſenſibly diminiſhes in 
bulk, but'is ſurrounded by a little flame or 
cloud: but, fo far as I know, the cubic or 
ſchoerl- formed diamonds have not yet been 
duly expoſed to fire; ſo that it remains to 
be diſcovered experimentally whether thoſe 
alſo entirely fly off, and if not they mel loſe 
the name of diamonds. 
The diamond, urged by a very tele 
heat, contracts a ſort of Wot upon its ſur- 
face, FO RATE A 

We how proceed to examine its habits 
with reſpect to menſtrua. 

(a) The powder fit for theſe experi- 
ments is to be had by rubbing two dia- 
monds, entirely deprived of their external. 
covering, againſt one another (for it is yet 
doubtful whether the cortical part be en- 
tirely of the fame nature with the nucleus). 
Such a' pulverization requires larger dia- 
monds than it was in my power to procure 
upon this occaſion, I was therefore obliged 
to content myſelf with the examination of 
the powder which is for fale. It is reported 
of the diamond, that it yields a powder 
nearly black ; which is certainly true of the 
7 . 


der did not new a ſenſible. coheſion ; 
ever I extracted the ſoluble part by marine 
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powder that is fold ; but this colour is not 


to be conſidered as natarat, as the blackneſs. 
can be eaſily extracted by 28109 the particles 


remaining white; ſo. that the colour muſt 
be owing either to the inſtruments employ- 
ed, or to the cortical part of the ſtone. Vet 
it may happen that black diamonds, which 
cannot be converted to other uſes, may be 
pulverized; and no doubt in this caſe the 


colour will be more fixed. 


(B) This powder, when well Jeers 
by aqua regia, eludes the force of other 
acids; yet with the vitriolic acid it exhibits 
a curious phænomenon, This menſtruum, 
poured upon the powder, and evaporated to 
a ſmall quantity, grows black, and depoſits 
black pellicles, which it is very difficult to 
dry; theſe pellicles take fire upon the ap- 

roach of flame, and are al moſt entirely con- 
ſumed, at leaſt they leave ſo minute a re- 


 fiduum that the nature of it could not be | 


examined, It is a gueſtion whether this i is 
the veſtige of a ſooty matter: I could not 
obſerve the ſmoke of phlogiſticated Atriolie 


acid proceeding from the fire. 


(c) I treated the depurated powder with 7 
three times its. quantity of mineral alkali, _ 
in the manner. above deſeribed (v.): after 
remaining three hours in the fire the oy 


how» 


acid, and then attempted a precipitation 
with vegetable alkali ; and in fact à light, 


3 whitiſh, 
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whitiſh, ſpongy, ſubſtance was thrown 


down, which diflolyed in all the mineral 


acids, but with the vitriolic produced nei- 
ther ſpathum ponderoſum, nor gypſum, 
nor Epſom alt, nor perfect alum ; it con- 
creted indeed into cryſtals, but of an irre- 

ular form, eaſily ſoluble in water, which 


liquefied by the blow-pipe, and were then 
abſorbed by the charcoal ; they were or” an 
acid yet auſtere taſte” 


(D) I again treated the undiſſolved pow- 
der mentioned in g with double its quan- 
tity of mineral alkali; this concreted into 
a firm maſs, from Wide it appeared that 
its nature was at length ſenſibly changed, 


I elixated with marine acid, and by means 


of vegetable alkali precipitated a portion of 
earth ſimilar to that obtained in the former 


operation; but the inſoluble reſiduum ſtill 


floated on microcoſmic ſalt and borax in 
fuſion, as related in  11.. A very ſmall 
portion of it entered the mineral alkali 
with efferveſcence, but was no further diſ- 
ſolved; beſides, the quantity was too ſmall 
to be ſubjected to further experiment. 

(r) Theſe experiments, although they 
ſhew that the analyſis of the diamond 1s 
difficult, ſhew alſo that it is not impoſſible. 
That there is preſent a portion of filiceous 
earth, but very cloſely united to the other 
3 ſeems to be indicated by the 
flow action of the alkali : the precipitates 


ſhew flint there is an earth ſoluble in acids, 


the 
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the nature of which remains to be diſco- 
vered by employing a larger quantity. The 
deflagration, the ſoot, and the black pel] icles, 
ſhew the preſence of an inflammable matter, 
unleſs we rather ſuppoſe them owing to he- 
terogeneous matters adhering to the powder 
C 
(6) As the e ſalt ſeems to 

diſſolve ſomewhat of the diamond by long 
fuſion upon charcoal, I put ſeveral globules 
much loaded with it into diſtilled water, 
hoping that if it contained any, this, united 
with the phoſphoric acid, would be diſſolved 

in the water, and might then be ſeparated _ 
by fixed alkali: nor was I entirely diſap- 
pointed ; the globules fell to pieces, the in- 
ſoluble part of the powder fell to the bot- 
tom, the reſt was diſſolved by the water, 
and again ſeparated by an alkali, but it T5 
very ſparingly and ſlowly. * . 
| Theſe circumſtances” will perhaps . 

ſome light to thoſe who are in poſſeſſion of 
a larger quantity of adamantine materials, by 
which they may be enabled to complete the 
analyſis of this precious ſtone, which, on 
account of its clearneſs, its hardneſs, and 


2 ſplendor, i is ſo much valued ; although by a : 


gentle heat it is totally convertible i into va-' 
pour in the ſpace of a few hours; while 
the ruby and the other gems ſuſtain the | 
- fame piano e damage. oe, 1 
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TURMALIN STONE. 
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"THE electrical virtue of this earth 


— 


— 5 has been the admiration: of philoſo- 


phers, during the whole of the preſent cen- 
tury ; and many years ſince I attempted to 
reduce its peculiar effects to conſtant laws: 
but no one, ſo far as I know, has yet un- 
dertaken the analyſis of theſe ſtones, being 


aer by their ſcarcity and dearneſs. 


y illuſtrious friend Born removed this ob- 
ſtacle for me, by ſending me, in 1778, a par- 
cel which was got at Tyrol, and at the ſame 
time requeſting me to inveſtigate their pri- 
mary principles. Some time after, that ac- 
%%% ĩↄ /  OOORRea 


oF THE EAR TH, &. 121 
compliſhed botaniſt, Mr. Thunberg, de- 
monſtrator in the garden at Upſal, on his 
return from Java and Japan, kindly brought 
me ſome turmalins, which he himſelf had 
got in Ceylon, rude, and unchanged by art. 
I have therefore been fortunate enough, 
through the kindneſs of thefe gentlemen, to 
be able to compare the form and compoſi- 
tion of theſe the rareſt production of the 
mineral kingdom, produced in the moſt 
diſtant quarters of the world. In this place 
1 ſhall only conſider thoſe circumſtances 
which illuſtrate the external form, the in- 
- ternal ſtructure, and the component parts; 
deferring to another opportunity the con- 
fideration of their electric virtues, which 
ſhall be conſidered by themſelves. 


| & 11. Yifble Qualities of the Turmalin Stone. 


Heretofore the turmalins were brought 
<ither from Ceylon or America, and no one 
ſo much as ſuſpected that ſuch were to be 
found in Europe; but two years fince, that 
indefatigable examinator of the Tyrol moun- 
tains, Mt. Muller, diſcovered cryſtals of this 
kind, at Zillerthal, far ſuperior, both in 
beauty and magnitude, to any that had been 
ever brought, either from Afia or America ; 
therefore we may conſider them as ſepa- 
rated into three claſſes, according to the 
| places where they are found; and we ſhall 
ANT EN; Ss | ; 1 7 I a. 3 begin 
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begin with thoſe of the new world, which 
differ in certain properties from the reſt. 
(A) The turmalin of Brazil is frequently 
ſomewhat heavier than the others, being, 
with reſpect to diſtilled water, from 3,075 
to 3,180 : they differ in colour ; and 1 have 
ſeen them blue, red, and of a pellueid yel- 
low, but generally they are green. 

When rough they are of a columnat 
form, more or leſs regular; but frequent- 
ly are of a trigonal form, conſiſting of nine 
Aides, as has been already deſcribed and de- 
lineated. The apices are often deficient, 
and their fracture is glaſſy; but ſometimes, 
if preſerved and examined, they are found 
low, and compoſed of three planes, as 1s 
explained in the Tract on the Formation of 
Cryſtals (§ 11. E, and tab. i. fig. 3. 

The priſms, expoſed laterally to the light, 
are almoſt always pellucid ; but when viewed 
in the direction of the axis a wonderful opa- 
city prevails, and that even in the tranſverſe 
ſection, although it be very thin: whether 
this holds with reſpect to the thinneſt lami- 
na is not yet eſtabliſhed; perhaps this, like 
the following, when ſufficiently diminiſhed 
in thickneſs, will tranſmit the rays of light. 
They yield in hardneſs to the quartz, and 
even to the other turmalins ; yet they. cut 
glaſs, and ſtrike fire (though not ſu) with 
Keel. 
(3) The turmalin of Ceylon varies a little y 
in ſpecific gravity between 3,062 and 3-2 Fl 
: t ele 
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theſe ſeldom come to Europe unwrought : A* 
was therefore much pleaſed to get thoſe which 
I mentioned. The columns of three of them 
were whole, about three lines in length, 
and two in breadth: three of the ſides are 
broad, ſeparated by a pair very narrow, ſo 
that at firſt they appear trigonal; two of 
theſe priſms have apices, the ſolid angles of 
which are very obtuſe, and formed of three 
irregular pentagons. All theſe circumſtan- 
ces agree perfectly with what has been ſaid 
in 4, of the turmalin of Brazil, and are made 
abundantly evident by tab. i. fig. 3. but 
the priſms are found furrowed longitudi- | 
nally, a circumſtance which plainly points 
out that other ſpiculæ had cryſtallized at 
the ſame time, and in contact with them. 
Marks of this kind frequently appear upon 
the ſurface of cryſtals; and the 3 
nal furrows above mentioned are very com- 
mon, particularly in the ſchoerls and tur- 
malins of Brazil. 

The colour of the cryſtals is brown, and 
not unfrequently almoſt black; but ſome- 
times more dilute, always however more or 
leſs inclined to yellow; which may be more 
eaſily obſerved by placing the column tranſ- 
verſely between a ſtrong light and the eye. 
A tranſverſe ſection, half a line in thick- 

neſs, ſtill appears opake, when expoſed to 
the day-light, although the flame of a candle 
renders i it HATH and brown; but 


When 


124 or THE EARTH OF » 


when made thinner, ſo far as , of a line, 
it becomes pervious to the day-light. 

F have alto got ſhapeleſs pieces of nearly 
the bulk of a walnut, their ſubtile parts 
ſpathaceous, black, and opake; in theſe the 
electrical power is much weaker. 

They nearly agree in hardneſs with quartz. 

The electrical property of theſe ſtones 
ſeems to be unknown in Ceylon; and al- 
though, beyond doubt, the name *urmalin 
is a word of the Ceylon language, yet, 
under the fame name, Dr. Thunberg got 
ſtones of various colours, and various gene- 

ra, of which, among eight varieties, not one | 

acquired the electric quality by heat, alto 

I frequently made the experiment. Dr. 
Thunberg alſo informed me, that, in the ge- 
nuine language of the country, the word ſig- 
nifies black cryſtals; that they are little 
eſteemed, and are pounded and formed into 
globules to ſerve the purpoſe of buttons. 

(c) The turmalin of Tyrol has been fo 

exactly deſcribed by the learned diſcoverer, 

with reſpect to external appearance, that 
nothing can be added; but, for the fake of - 
compariſon, it will be proper to e the 
ee N eircumſtances. '| 

The ſpecific gravity is 3,0 50, due is leſs ; 

hgh any of the preceding. 

The cryſtals are ſometimes three inches 
in length, and exceed five lines in diameter, 
partly looſely diſperſed among, partly firm- 
Ay united to, a ſteatite, mixed with particles 


oe 
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of mica, not unlike the olla Jetlandica. What 

the matrix of the other turmalins may be, is 

yet unknown; but that of the Tyrol tur- 
| malin form either veins or nuclei in granite. | 
The figure is priſmatic, conſiſting of nine 
ſides, ſometimes terminated by three penta- 

gons like that of Ceylon, but in general the 
apices are wanting: ſometimes, however, 
though very ſeldom, the pyramids are found 
very much acuminated, with nine fides; 


therefore, in general, all che known turma- 


lins agree in form; but, ſo far as I know, 
the complete ſchoerl form (tab. i. fig. 1.) 
has not yet been ſeen among them by any 
one; — a form which, even among de 

ſchoerls themſelves, is extremely rer: 

Such of the Tyrol cryſtals as I have exa- 
mined are without the longitudinal ſulei; 
but the ſurface, when accurately examined, 
ſhews a ſlight aſperity, owing perhaps to 
the ſpicular form of the ſurrounding ma- 
trix; but the tranſverſe chinks, generally ob- 
ſcure, are found in theſe and the keene 
as well as in the ſchoerls. 

The colour occaſioned by reflex light is 
ſooty, or of a browniſh black, but that b 
refracted light of an obſcure yellow; a thin 
tranſverſe ſection appears opake, but when 
the thickneſs is ſufficiently diminiſhed, it 
at length tranſmits green rays, as the cele- 
brated Muller firſt obſerved, and as I have 
myſelf ſeen, the account is true. The 
Ceylon and Fyrol turmalin therefore agree 

| e 9 „ 
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in this, that by extreme tenuity a paſſage is 
made for the . but they differ with re- 
ſpect to the rays, which are tranſmitted. : 
n) Many years ſince I obſerved chat 5 
variety of the ſchoerl, black, opake, of a 

complete figure, which came from Umæan 

Lapland, by a due degree of heat acquired 

eleftrical properties. Upon multiplying ex- 

periments I found the fame thing to take 

place in ſeveral ſchoerls of Sweden, both 
nonagonal and ſpicular, of very irregular 
forms—theſe were all totally opake ; and 

Heretofore I have not obſerved that proper- 

ty to take place in any that was pellucid.— 

How this electricity may be excited, and its 
nature explored, I defer to another place, 
Where this matter ſhall by expteſaly con- 
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115 | 8 III. Habits of the Turmalin e fo > the 
14 | Blow-pipe. 1 
I; (a) A ſmall piece, the ſize of n grain of 
1 muſtard, expoſed upon charcoal to the apex 
10 of the flame, quickly grows red, and that 
It's without any decrepitation or other viſible 
4 change: but if the action of the flame is 
15 continued for ſome minutes, it ſoon grows 
9 white, foams almoſt like borax, and, upon 
1 continuing the fire, is reduced to a globule; ; 
= a larger piece fuſes with difficulty, but 
yields an inflated ſpongy white ſcoria. 
' Ks 10 This 
14 
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„This is the caſe with the turmalin of _ 


Tyrol and Ceylon when cryſtallized; but the 
black and ſhapeleſs pieces ſwell but little, 
and the marks of ſcorification which appear 
on the ſurface are brown, not white; that 
of Brazil cannot be formed into a globules 
but exhibits a puſtulous ſcoria. 

(B) The microcoſmic ſalt, fuſed upon che 
charcoal, attacks a ſmall: quantity of turma- 
lin with a flight efferveſcence, which is yet 
ſoon at an end; and there remains a ſmall 
corpuſeule, almoſt. tranſparent, .and there- 
fore ſcarce perceptible, until after the glo- 
bule grows cold : this reſiduum is diffolyed 
with great difficulty, but the reſt of the vi- 
treous maſs ſurrounding it is found clear and 
tranſparent, which grows green on a farther 
addition while hot, and milky on cooling, 
chiefly occaſioned by the undiſſolyed par- 
ticles. All the varieties in this reſpect are 
the ſame, except that the black and on 
ng,” a brown colour... | 

(o) Borax takes up the turmalin almoſt 
in the ſame way, but generates heat more diſ— 
tinctly, and diſſolves the ſtone more power- 

fully, ſo that it hardly contracts a perfect 
| opacity, except the black turmalin, irn 
added in ſmall quantity changes the tranſ- 
PMESCy. to a yellow brown, but an later 
quantity to a black opacity. 

() Mineral alkali takes up the tutmalin ö 

in fuſion with efferveſcence, but a leſs con- 
1 RES one than that excited by quartz: 
when 
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bes a final! portion of che tone is added, it 


is broken down into a powder, but is imper- 
fectly diffolved : the black opake turmalin 
makes the globule brown. 

(E) The turmalin approaches next to the 
Aber in the habit juſt deſcribed; the lat- 
ter is, however, more completely diſſolved, 
and with more evident ebullition, by the 
microcoſmic ſalt, and alſo efferveſces more 
3 ad acres alkali. 


ES 


8 Iv. Habitudes of the 7 e's with Acids 


(A) Three times the weight of concen- 
trated vitriolic acid, poured on 100 1b. of 
ſubtile powder of turmalin, ſeparated by elu- 
triation, and expoſed to diſtillation in a ſmall 
retort until the bottom of the glaſs grows 
red hot, yields a reſiduum, which being 
boiled in diſtilled water, collected, dried, 
and weighed, is found to have loſt about 
16 1b. The three known varieties are, in 
this reſpect, ſcarce found to differ a ad 
or two. 

The water which has tend the folu- 


ble part, with a lixivium of burned blood 


yields Pruffian blue; and, the iron being 
thus precipitated, on addition of fixed al- 
kali a white powder is thrown down, 
which, with vitriolic acid, forms gypſum; 
which may again be decompoſed by acid of 
ſugar: the acid has therefore been War . 
loaded with 1 iron and lime. | 
The 
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The acid collected in the receiver is 
found to be purely vitriolic. 8 
The elixated reſiduum, examined by the 
blow- pipe, ſwells and ſhews almoſt the fame” 
habits as the crude turmalin.Þ 
(z) The nitrous and marine acids alſo 
extract iron and-lime ; but in other reſpe&s 
have no greater effect than the vitriolic, for 
the reſiduum ſtill remains compound; the 
ſurface therefore is not ſufficiently encreaſed 
by the mechanical pulverization, fo that the 
menſtrua may be able to ſepatate the com- 
ponent parts: however, the method which 
I followed in decompoſing the gems ſuc» 
ceeds in this caſe extremely well. 


$ v. Proximate Principles of Turmalin. 
(A) 1 treated a very ſubtile powder of 
turmalin in the fame manner as the gems, 
with this difference, that I employed an 
equal quantity of mineral alkali, ſponta- 
neouſly calcined, and kept the maſs ignited 
only for an hour and a half. Su: - 
(3) Upon cooling, the mixture is found 
colliquated, its ſurface convex, tuberculated, 
of the colour of wax, but internally ſpon- 
gy, and of a green colour, which is of a 
deeper hue, as it approaches the bottom, to 
Which it adheres. The maſs, when ſuffi- 
_ ciently looſened, is covered at the bottom 
with a black cruſt, which is carefully ſepa- 
rated Feige. 
Vor. II. 111 SOTO 
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(e) The reſt of the proceſs was conduct- 

5 as deſcribed on the Earth of Gems, 7 
and u ; it would therefore be ſuperfluous 
to deſeribe it again. Theſe operations yield- 
ed the following concluſions concerning 
the quality and proportions of the. conſti- 
tuent pe in an aſſay hundred; vig. 


The turmalin of T yrol. 
| argillaceous earth = — 42 
- filiceous earth - = 40 
calcareous earth —=— — 12 
iron - So i GO Ao - 


Turmalin of Ceylon. 
argillaceous earth = 309 
filiceous earth - = — 37 
calcareous earth G 
Von 5.4 — - — 9 
Turmalin of Brazil. : 
argillaceous earth - 50 
ſiliceous earth = = 34 
calcareous earth _ = 11 
iron Fe lp — 8 


(9) By argillaceous and filiceous earths, 
1 here underſtand thoſe earths freed from 
all heterogeneous matter; but the calcareous 
earth appears to be nearly ſaturated with 
aerial acid, as otherwiſe a greater defect is 
obſerved than can be ſuppoſed in an accurate 
operation. That no efferveſcence takes place 


* Mich acids is eaſily accounted for, when we 
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conſider that only a very minute portion of 
calcareous earth adheres ſo very cloſely to 
the other conſtituent parts, that it has ſuffi- 
cient hardneſs to ſtrike fire with ſteel : the 
iron is dephlogiſticated, and the erude tur- 
malin does not ſhew the leaſt fign of de- 
tonation with nitre. | 
As to the proportions of — conftiinnt 
principles, I have ſet down ſuch as experi- 
ments ſuggeſted ; but it is neceſſary to take 
the medium of a number of experiments, 
as nature does not obſerve ſo exa& a propor- 
tion in the admixture of the principles of 
bodies, but that ſometimes there may be 
ſome hundredths too much or too little; 
| beſides, a ſeries of operations (notwith- 
ſanding the greateſt poſſible accuracy) will 
ſometimes add a little weight, or ſome- 
times diminiſh, which is particularly ſen- 
ſible when .very ſmall quantities are uſed. 
Thus, in the preſent inſtance, I have not 
yet been able to ſubject to experiment 
more than a few aſſay pounds: in theſe 


experiments I conſtantly found the ſame 


ingredients, but the proportion of them 
required ſome correction. The difference 
of habits diſcovered by the blow-pipe ma- 
nifeſted ſome difference between the Tyrol 
and Ceylon turmalin ; but whether the 
above proportions be exact, remains further 
: to be examined. | 
(r) That water enters the neden 
20 65 1 gathered from their undergoing the 


K 2 * 
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ſame ebullition in fuſion as the zeolith does, 
which certainly contains water; but the 
quantity of matter to be examined only per- 
mitted me to make one trial with this view. 
I ̃Zkept 100 Ib. of Tyrol turmalin groſsly 
owdered for half an hour in an obſcure red 
wee but upon cooling found no difference 
in weight, nor did I expect any, as a white 
heat is neceſſary to fuſion: I therefore en- 
creaſed the fire to a ſufficient degree, but 
the fragments of turmalin were agglutinated 
to the crucible, nay, had entered into a ſort 
of union with it; I therefore made the ex- 
eriment in 4 which was tedious and 
troubleſome :—I took 25 aſſay pounds of 
fragments of turmalin, each of which I ſe- 
parately reduced to white ſcoriæ by the 
| blow-pipe, but I did not find that the 
weight was ſenſibly diminiſhed; a proof 
that there is either no water at all, or only a 
"yy ſmall ae | 


$ vi.. The Place belon gin 8 to the Turmalin in 
4 Miem of ne. | 


Being acquainted with the nature and 
proportion of the earthy principles which 
enter into the compoſition of the turmalin, 

We cannot heſitate to place it among the ar- 
. gillaceous ſpecies, ſince the chief part of it 
is conſtituted by this earth, which, even 

When it is preſent in ſmaller proportion, 

5 communicates 


* 


o 
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communicates its peculiar properties to the 
whole maſs. _ 0 FE UA 


In the gems we find the ſame principles, 


and clay in greater proportion than any other 

earth : the turmalin can ſcarce. be referred 

to this claſs, becauſe its ſtructure is ſo much 
looſer. Ye OW 


The phænomena it exhibits, when treat- 


ed with the blow-pipe, approach nearly to 
| thoſe of zeolith ; but of this filiceous earth 
conſtitutes the principal part: and the con- 


ſtituent principles cohere ſo weakly that 


acids are capable of extracting them with- 


out any previous treatment with fixed alka- 
li, and the heat of diſtillation of expelling 


moſt of the water. It is more cloſely allied 


to ſchoerl; for the turmalin not only 
reſembles this in the form of its cryſtals, 
and the phenomena it preſents, both with 
heat and ſolvents, but alſo ſometimes in 


being electrical, a property which ſhall be 


particularly examined in the ſequel; it how- 
ever differs in containing more filiceous 


earth, and ſome other circumſtances before 


EP 


noticed (F 111, 8). 
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8  Hiforical Introduttion. 


LTHOUGH the bal fulmi- 
nating property of gold was known 


at leaſt in the 15th century, it has not 


yet been examined by philoſophers ſo as 
to determine with certainty the cauſe of 
the prodigious noiſe and ſtupendous ex- 


ploſive force; yet in this exploſion there 


occur phænomena highly worthy of at- 


. tention—phenomena which not only in- 


dicate mT e properties, but are of 
| f ſuch 
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ſuch a kind that the cauſes of. them, well 
underſtood, mult certainly throw great light 
upon the theory of chemiſtry. The follow- 
ing experiments, which are partly new, and 
partly ſuch as have been deſcribed by others, 
but carefully reviſed and corrected, will I 
hope tend to illuſtrate the ſubject. But be- 
fore we enter upon them it will be proper 
briefly to relate the attempts of others, Who 
have made this buſineſs their particular 
ſtudy. | 
Whether or not the ancient alchemiſts | 
were acquainted with the fulminating pro- 
perty of gold, we are ignorant; their arcana 
being involved in an enigmatic and obſcure 
ſtile. Baſil Valentine is perhaps the firſt- 
who has clearly deſcribed the method of 
communicating this property to gold: he 
directs the metal to be diſſolved in aqua re- 
gia made with ſal ammoniac, and then pre- 
| cipitated by vegetable alkali, to be twelve 
times waſhed with water, and finally dried 
in the open air, where the ſun's rays cannot 
reach the powder; he forbids it to be dried 
over a fire, as it explodes with a gentle heat, 
and flies off with inconceivable violence; 
but he has not diſtinguiſned this calx by any | 
peculiar name. 
Many chemiſts afterwards performed this 
operation, but here and there we obſerve 
ſome ſmall difference. — O. Crollius calls it 
aurum volatile, and is ſcarce willing to have 
it dried, even though carefully, and in bal- 
VN „ ˖‚ͤ; 1 
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neo maris ; but above all forbids the auge 
it with an iron ſpatula. J. Beguin addec 
the epithet fulminating, which has been 
ſince generally adopted; although we ſome- 
times meet with the terms ſclopetans and 
ceraunochryſon. "on 

The neceſſity of employing volatile alkali 


o 


in this operation was but little regarded un- 


til the preſent century ; for Hellot tells us, 
from Groſſe, that gold diſſolved in a mix- 


ture of nitrous and marine acid, fulminates 
better when the volatile is uſed than when 
the vegetable fixed alkali is employed; but 
that if the menſtruum be made with fal 
ammoniac, the latter precipitate is beſt, 
- Zwelf calls the gold precipitated by fixed 


alkali, without the fulminating property, 
aurum mutum. Ettmuller and Hoffman 


found that precipitated by volatile alkali al- 
ways fulminating. 


* 


Becher found the fulminating powder, 
when well waſhed, heavier than the gold 


employed by ;; Lemery by +; and Jungken 
by +: it is doubtful whether Barner ever 


made the experiment, as he affirms that in 
order to produce the beſt effect it ſhould not 
be waſhed with water (compare & x). Many 
alſo, after him, have thought that by boil- 
ing in water: the fulminating property is 
deſtroyed, or at leaſt diminiſhed ; the cele- 
brated Beaumé was the firſt who detected 


that error, 


- Ki] 5 That 


oO Alx OF. GID. 137 


That water loaded with fixed alkali when 
boiling takes away all the exploſive power, 
is aſſerted, if I miſtake not, by all the mo- 
derns, following the author of Homer's 
Golden Chain. Kunckel found this pro- 
perty deſtroyed by vitriolic acid. Rolfincius, 
and others, contend that marine acid has 

the ſame effect; and Mr. Spielman extends 
that faculty to all the acids, even to vine- 
gar: yet Caſſius relates that aurum fulmi- 
nans exploded moſt violently when marine 
acid dulcified was diſtilling from it. Baſil 
Valentine attempted, not without ſucceſs, 
to ſubdue the fulminating property by means 
of ſulphur, e e 

A ſingle ſcruple of aurum fulminans ex- 
plodes, as Crollius afferts, with more force 
than half a pound of gun- powder, and pro- 
pagates its action downwards; yet H. F. 
Teykmeyer frequently ſheyed in his lectures 
that it would throw a florin upwards above 


ſix ells; and the fame effect had been ob» = 


ſerved by many others before him. 
A great number of experiments were 
made before the Royal Society at London, 
in order to determine the comparative forces 
of theſe two powders :—equal parts of gun- 
powder and of aurum fulminans were in- 
cluded in iron globes, which were placed 


among burning coals; thoſe which con- 


tained the former were burſt with violence, 
while the other remained perfectly ſilent. 
But if the globe containing the gun- powder 

75 5 did 
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did not exceed the bigneſs of a pea, the 
globe remained unhurt, Rough the con- 
tents had been inflamed. - | 
Many unfortunate accidents however 
ſhew that the greateſt caution is neceſſary 
in handling aurum fulminans: Orſchal re- 
lates, that this powder, ground in a jaſper 
mortar, had by its exploſion burſt the mor- 
tar into a thouſand pieces: the celebrated 
Dr. Lewis gives an inſtance of the ſame in 
England; nay, Dr. Birch tells us that by 
an exploſion of this kind doors and win- 
dows had been violently torn to pieces : 
but Mr. Macquer gives a very melancholy 
detail of a misfortune which happened in 
his own preſence :—a perſon of 22 had, put 
ſome aurum fulminans into a phial, but 
unfortunately did not obſerve that a few 
particles adhered to the neck ; upon ſhutting 
it therefore, as is uſual, by twiſting the 
glaſs ſtopper, the few particles exploded 
with ſuch force as to throw the young man 
among the furnaces of the laboratory, with 
the loſs of both his eyes, occaſioned by the 
ſplinters of the glaſs. 
The fentiments of chemiſts concerning - 
the cauſe of the fulmination differ very 
much; the opinions of thoſe who ſpeak in 
words ſo obſcure that it is ſcarce poſſible to 
reduce them to ſenſe, we ſhall omit; the 
reſt may be divided into four claſſes, ſome 
aſcribing it to an aerial, ſome to a ſaline, 
dame to a ſulphureous principle, and finally, 
there 
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there are others who ſuppoſe it to depend 
upon ſeveral of theſe united. | 

F. Hoffman attributes it to humidity 3 
an elaſtic vapour dilated by heat; but the 
celebrated Dr. Black affirms it to de owing 
to fixed air copiouſly and ſuddenly ſet at li- 
| berty, A, Peterman aſſerts this power to 
depend upon the union of the ſolar princi- 
les with nitre; but others, and indeed the 


moſt of the moderns, ſubſtitute. a ſpecies f 


nitre totally volatile, which: is commonly 
called nitrum flammans. | Caſſius ſpeaks of 
ſulphureous particles of gold which are diſ- 
charged from the bond of ſalts, as being 
ſubſtances of an oppoſite nature, by means 
of the fire; and, upon getting looſe, give 
as violent a "concuſſion to the air, as ſulphur. 
and nitre in common gun-powder ; but very 
lately M. Beaume propoſes as the cauſe, a ni- 
trous ſulphur deflagrating violently ; and ſup- 
ports this opinion with many ſpecious argu- 
ments. Notwithſtanding all theſe explana- 
tions, many philoſophers are ſtill of opinion, 
that the phænomenon is not yet accounted 
for: ſuch are Boerhaave, Macquer, Spiel- 
man, and others. ; 
If in our days a certain fragor vibergenſis 
were neceſſary, a very violent one might be 
beſt obtained by means of this calx of gold ; 
for no ſubſtance hitherto known explodes 
with a louder noiſe. Dr. Lewis compares 
the report occaſioned by gun- powder to 
the ſound of a long and lax cord; and that 


of 
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of aurum fulminans, to that of a ſhort and 
tenſe one: But in mines it cannot be ſub- 
ſtituted for gun- powder, as, when it is cloſe 
| ſhut up, it is reduced without noiſe or vio- 
lence, as we have ſeen before; beſides, this 
powder muſt be fired by heat, and not by 
F | | +4 
The celebrated Stahl fays, that aurum 
fulminans, treated with ſulphur, as here- 
after deſcribed, is uſed as a pigment by 
goldſmiths and enamellers. Doſſie men- 
tions this as a valuable ſecret. 
Formerly, three or four grains of this 
powder were given as a diaphoretic of ex- 
traordinary power, as we are told by Crol- 
lius and Beguin. Rolfincius relates an ex- 
ample of its cathartic virtue: his words are 
theſe, Hluſtris regiæ Suecice militiæ generalis 
Pannerius (doubtleſs Banner) graviſſimo co- 
lico dolore infeſtatus, clyſteribus aliquot offi- 
cium non facientibus, habuit melius, commota 
alvo, aſſumptis auri fulminantis granis' 6 in 
cochlear pleno vini Malvatici. 
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§ 11. Preparation of Aurum Fulminans, þ. 


This powder may be prepared in two dif- 

ferent ways; for either the gold is diffolved 

in a menſtruum compoſed of nitrous acid 
and ſal ammoniac, and the ſolution preci- 
poitated by a fixed alkali, or the ſolution 
is performed by aqua regis made without 
fal ammoniac (which may be done in va- 
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rious ways) and the precipitation effect- 
ed by volatile alkali. Aqua regis without 
ſal ammoniac may be prepared by mere 
mixture of nitrous and marine acid, or by 
nitre diſſolved in marine acid; or, finally, 
by ſea- ſalt diſſolved in nitrous acid. It is 
obvious, that inſtead of nitre or ſea-ſalt, 
other ſalts containing theſe acids may be 

employed. Menſtruum fine ſtrepitu was a 


name formerly given to a liquor conſiſtin 


of a little water with nitre, ſea-ſalt, and 
alum, in which gold- leaf was diſſolved by 
triture; in this caſe the acid of the alum 
expels the other acids, which therefore, by 
their union, form common aqua regia. . 
By whatever method the gold be diſ- 
| ſolved and precipitated (provided the vola- 
tile alkali is preſent, either in the menſtru- 
um or the precipitant) a yellow precipitate 
is obtained, which, when well waſhed in 
water, and cautiouſly dried, is commonly 
called aurum fulminans. The weight of the 
cCalx, well waſhed and dried, exceeds that of 
the gold employed, by about +. Gy 
Ihe diſſolved gold is more readily pre- 
cipitated by volatile than by fixed alkali. 


$ 111. Properties of the fulminating Calx 
I] | „ ODS IN 
The phenomenon which has chiefly ren- 
dered this powder famous, and has given 
occaſion to the name, is the prodigious noiſe _ 
| | | _ occaſioned 
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occaſioned by the exploſion of a few grains 
expoſed to heat in a metal ſpoon, either 
. | over a candle, coals, or a red hot iron; or 
by any other means ſufficiently heated. 
How this phenomenon takes place, we 
ſhall fee hereafter.. 4 
(A) A degree of heat between 120* and 
- 200), the degrees at which the nitrous and 
vitriolic acids boil, is ſufficient for this pur- 
poſe; but whether the ſolar rays, without 
concentration, can produce the ſame effect, as 
ſome perſons aſſert, I have not yet been able 
to determine ; but am inclined to doubt of 
their poſſeſſing ſuch efficacy, unleſs the au- 
rum fulminans be extremely well prepared ; 
but if the maſs be inſpected juſt as it is 
about to explode, in the very inſtant pre- 
ceding the exploſion no other change is ob- 
W ſerved than its colour verging to black, up- 
on which it inſtantly is diſperſed with an 
obſcure flaſh, and a wonderfully acute ſound: 
the ſame effect is obſerved whether the 
powder be ſurrounded by common air, or 
. aerial . oF 
- - (B) By ſimple triture, or percufſion alone, 
this powder is inflamed, and explodes with 
great violence, whence melancholy acci- 
dents have ſometimes happened; but every 
ſort of aurum fulminans is not ſuſceptible 
| of exploſion by theſe means. By boiling in 
5 ure water, or (which is better) in an alka- 
Fine lixivium, or (which is beſt of all) by a 
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prone to inflammation, that by the electric 
ſpark, nay often by the ſmalleſt agitation 
with a piece of paper, it explodes ; the 
common aurum fulminans is alſo exploded 
by the electrical ſhock. | . 
(e) A portion weighing from 10 to 12 
grains of aurum fulminans, exploded on a 
metal plate, perforates and lacerates it; a 
ſmaller quantity forms a cavity in the plate; 
and a ſtill ſmaller only ſcratches the ſur- 
face; an effect which is never produced by 
gun- powder, though in much larger quan- 

(>) A weight laid upon the powder is 
thrown upwards in the moment of explo- 
fion ; and if it be of filver, it is found 
gilded with a yellowiſh ſpot. In the fame 
way is marked the ſupport, if it be made of 
filver or copper. % AMES: 

Beſides, a large grain, advanced near to the 
fide of the flame of a candle, blows it out 
with violent noiſe; and a few ounces ex- 
ploding together, by incautious drying, has 
been known to ſhatter the doors and win- 
dows of the apartment: hence it is evi- 
dent, that aurum fulminans exerts its force 
in all directions; yet it cannot be denied, 
that it ſtrikes bodies with which it is in 
contact more violently than thoſe which are 
at a ſmall diſtance, though in its vicinity: 
thus, if a ſmall portion of it explodes in a 
paper box, it lacerates only the bottom, 
unleſs the top be preſſed down cloſe, in 
he Res which 


| 
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which caſe it perforates both the top. and 
bottom. 
(E) When carefully and gradually explod- 
ed in a glaſs phial or a paper box, it leaves a 
purple ſoot, in which are found many par- 
| ticles of ſhining gold; nay, if the quanti- 
- ty exploded be large, ſeveral grains remain 
totally unchanged ; for it is only the ſtra- 
tum next to the heat which is inflamed, 
as may be ſhewn by an eaſy experiment, 
namely, if the fulmination be performed 
over a large ſurface of burning coals ; for in, 
that caſe a number of decrepitations will be 
heard, occaſioned by grains of the aurum 
fulminans diſperſed in a perfect ſtate by the 
exploſion of the inferior ſtrata, _ 

(r) When moiſt, it does not explode all 
at once, but each grain, in order as it be- 
comes dry, decrepitates in a manner ſimilar 
to common ſalt. 

(e) In glaſs veſſels cloſed, or with their 
mouths immerſed in water to prevent break - 
ing, a moderate quantity explodes indeed, 
but with a very weak noiſe, fo as ſcarcely to 
be perceived; but in the moment of explo- 
ſion, an elaſtic fluid breaks forth, which, 

when cool, occupies about ſeven inches, if 
half a drachm of the powder has been uſed ; 
this air extinguiſhes flame, deſtroys animal 
life, rejects pure water, and does not even 
aa hat which contains lime in ſo- 
ution. * | 
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1655 In metallic veſſels of NO. 
bf frrength and perfectly cloſed, aurum ful- 
minans, expoſed to heat, is reduced filently, 
and without any marks of violence : if the 
acceſs of air be only partially prevented, the 
metallic veſſels are more violently acted up- 

on; but if they are of ſufficient ſtreng th, | 
and very ſmall chinks afford vent to hes air, 

the ſmoke indeed penetrates through, but 

gently, and without burſting, as I twice 
experienced in about half a ſcruple of this 
calx, with which I filled a braſs roſe; and 
ſtopped the aperture with a ſtrong ſcrew; 
for in this caſe the vapour made its way 
OUS: the . with a n noiſe. 


§ iv. Means by which the -fulninating "ER 

e perty may be deſtroyed. rn ng 
This may be effected by various methode, 8 
and that even without additament. 

(A) For inſtance, by fire alone, lowly. 
and cautiouſly increaſed : let a degree of heat 
at firſt be employed near to that which uſu- 
ally occaſions the exploſion ; this muſt im- 
mediately be ſlackened a little, and thus al- 
ternately be increaſed and diminiſhed : up- 
on continuing this operation a long time, 


the aurum fulminans gradually becomes ca- 


pable of refiſting a fire more and more in- 
tenſe, at length grows of an obſcure black, 
and: loſes all its fulminating properties: 
this experiment requires conſiderable. pa- 

Aer. II. L tience; 
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tience ; for, unleſs the fire be {kilfully re- 
gulated, and the ſmalleſt agitation and fric- 
tion avoided, the powder - explodes at once 
with its uſual vehemence, and flies off in 
the form of vapour. 

(3) This effect is more b 
obtained by the addition of a dry ſubſtance 
of any ſort, provided it be well pulverized, 
and intimately mixed with the aurum ful- 
minans by trituration, ſo that the particles 


of the latter may be ſeparated as much as 


poſſible; for this being done (which may 


be eaſily tried with ſmall portions) the mix- 


| \Callicient for this pu 


ture may ſafely be expoſed to the fire. 


Sulphur has been long uſed for this pur- 
poſe in the following way: —let 3 of 
ſulphur be mixed with an equal weight, or 
half its weight, of aurum fulminans, then 


melted for a ſhort time with a gentle heat 


without ſmoke, after this with evaporation, 
and, finally, burned with deflagration : this 
is done much more eaſily by putting the mix- 
ture by degrees into a crucible previouſly ſo 
heated, that the ſulphur will flame u 


touching it; for in this caſe, although a few 


grains decrepitate, they are not diſperſed.” 
This may be effected with ſtill greater eaſe, 
by proud the aurum fulminans gradually to 


he falphae in fuſion. 


The falts, either alkaline or middle, are 
ſe, and are uſed with 
great advantage, becauſe they may be after-. 
wards ſeparated by —— Mel 

5 «44% ie 
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This operation ſucceeds alſo with the 


earths, nay, with concentrated vitriolic acid, 


and other liquors, as we ſhall afterwards ſee 
(S viit, and 1x). In a word, aurum fulmi- 
nans is deprived of its fulminating proper- 
ty, if expoſed to a degree of heat ſufficient 
to cauſe the exploſion, if at the ſame time 
the fulmination be prevented by any means 
whatever, even by external force. £ 


& v. Chief Opinions concerning the Cauſe 
| F the Exploſion. ' 


Various explanations of this exploſive 


N W are to be found among chemiſts; 


ome of which, being delivered in an unin- 
telligible manner, we may properly paſs 


over, and conſider the others as diſtributet 


into four claſſes; for philoſophers have 


thought, that this wonderful phænomenon 
might be attributed to a ſaline, a ſulphu- 
reous, or an aerial principle, or, finally, to 


many of theſe jointly; yet ſome there are, 
who with juſtice conſider all the explana- 


tions hitherto given as inſufficient. 


& vi. Different Opinions concerning the 


| Cauſe, ſuppoſed to be ſaline. 


123 Thoſe who attribute the fulmination to 
a ſaline principle, do not yet agree with re- 
gard to the ſpecies of falt. 


L 2 5 (a) Some 
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(a) Some. conſider the ſalited fixed al- 
kali (which is called ſal digeſtivus) adhering 
to the calx, and decrepitating in the heat, 
as the cauſe of this phænomenon; but theſe 
gentlemen do not conſider, that this ſalt is 
neither preſent nor regenerated, when the 
gold diflolved in nitrous acid, containing 
{al ammoniac, or in a mixture of nitrous and 
-marine acids, 1s precipitated by volatile al- 
kali; and, beſides, if the latter of theſe ſo- 
lutions be precipitated by fixed alkali, the 
precipitate is not fulminating, though the 
digeſtive ſalt in this caſe 1s preſent. 
_ -(B) Others have recourſe to common ni- 
tre, which is known to detonate with phlo- 
giſton: but here the ſame difficulties oc- 
cur, for neither is nitre always preſent in 
the preparation of aurum fulminans, nor, 
when it is preſent, is the calx always found 
fulminating ; beſides, this ſalt does not de- 
tonate with the calx of gold, but on the 
contrary (by the method deſcribed & iv.) 
ſerves to reduce it. 7 CS Ge oe. 
(cc) The nitre, called nitrum flammans, 
ſeems to be very different in its nature ; this 
falt conſiſts of nitrous acid ſaturated with vo- 
5 latile alkali ; and, from what has been already 
faid, the preſence of this. ſubſtance in aurum 
fulminans is obvious; beſides, it poſſeſſes the 
property of detonating, without the addition 
of phlogiſton ; and, beſides, we are told by 
authors, that the vitriolic acid and fixed al- 
kali deſtroy" the fulminating property; the 
KEE 2 $7 | former 
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former becauſe it is more powerful than the 
nitrous acid, and the latter becauſe it ex- 
pels the volatile alkali. This opinion there- 
fore carries with it an appearance of pro- 
bability, and almoſt all the moderns have 
embraced it. In order however to acquire 
a certain knowledge of this matter, if poſ-- 
ſible, I inſtituted 'a number of experiments, 
the chief of which I thall now relate. 


% 


S vit. Fixed Alkali does not deſtroy the ful- 
minating Property by the Via humida. 


The fixed alkali does indeed deprive gold 
of its fulminating power, by fire, as de- 
ſcribed in & iv. but in that caſe it acts in 
no other way than any other matter inter- 
poſed between the particles: but whether it 
acted in virtue of its alkaline quality, was 

tried in another wax. 
(aA) Six parts of alkali of tartar were 
therefore well triturated in a glaſs, with one 
of the calx, and a few drops of water, This 
being done, a little more water was poured 
on, and all the liquor evaporated in a digeſt- 
ing heat. During this operation no veſtige 
of urinous ſmell could be perceived: the 
mixture, when dried, and freed from the ſa- 
line parts by ablution, not only fulminated, 
but with a noiſe far greater than uſual. 
() The ſame experiment was made in 
another way; namely, one part of aurum 
2 0 3 fulminans 
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fulminans was boiled for half an hour in 


200 of cauſtic lixivium ; but its power 
Was rather increaſed than diminiſhed by this: 


Water was added, to prevent the lixivium - 
from acquiring too great a degree of heat, 


which would of itſelf deſtroy the fulminat- 


ing property (S 1b.) 
One circumſtance I ſhall xemark, VIS. 


that no difference of efficacy was obſerved, 
whether the calx was precipitated from its 


| menſtruum quickly or "Rowiy: 


8 VIII. Whether Acids rey the Al. 
| minating Property. 


Ak: vitriolic acid requires near thrice a 


greater degree of heat to make it boil than 


pure water, it is no way ſurprizing that 
boiling in this acid ſhould deſtroy the ful- 
minating quality, as before e but, in 

order to determine whether that was the 
true and only cauſe, the acid was ſo far di- 
luted with diſtilled water, that it could not 
ſuſtain too high a degree of heat, and the 
aurum fulminans boiled in it for half an 
hour, when, after being well edulcorated, it 


exploded as uſual: nor does it, when tritu- 


rated and digeſted with the ſtrongeſt vitrio- 

lic acid, lote any of -its power, but by boil- 
ing many particles ace, the metallic 

ad gold. 1 

(8) The marine and nitrous acids, when 
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heat than boiling water, but inferior to that | 
which is neceſſary for fulmination; hence it 


happens, that the latter of theſe fluids not 
only fails of deſtroying the fulminating pow- | 


er, but the precipitate, while wet with this, 
decrepitates in the ſame _ As if pencteat- Ly 


cd by water. 


(c) But che 8 acids, e this | 


calx more eaſily, and upon evaporation al- 


moſt always reduces a part; for this men- 
ſtruum naturally contains phlogiſton, which, 


by means of ſuperior attraction, it is obliged 
to yield to other bodies: but the folution 


itſelf, precipitated by fixed alkali, yields a 


calciform and fulminating gold. Whatever 
is not diſſolved by. digeſtion, when well 
edulcorated ſeems to — Jeſt ſcarcely 1 


thing. 5 
( 9 Upon adding vinegar, and diſtiling | 


6a dryneſs, the fulminating power is found 


to be deſtroyed: this however is only to be 
underſtood of the reſiduum, either not edul- 
corated, ne by means on n. Start, - 


& 1x. The fulminatin Fa 83 may be com- 


municated to Gold, without the ee 
of nitrous Acid. 


'In order to diſcover whether the -nitrous 


acid be altogether neceflary ; and alſo how 


the proceſs would ſucceed without the ma- 
rine acid, the 1 experiments were 


| undertaken, c 5 


L 4 | Wo) A 


* oO rTHYYUILMIXAT ING 
(a) A calx of gold (not fulminating) 
boiled in vitriolic acid a little diluted, 
yielded a yellow ſolution, for the precipita- | 
tion of which a large quantity of cauſtic 
volatile alkali was neceſſary: the precipi- 
tate was ſmall, but, aſ ter being enen 
fulminated by . = 
Iz) Another portion, boiled in nitrous 
acid perfectly freed from marine acid by 
means of filver, yielded, though not without 
| boiling violently, a red ſolution, of the fame 
colour as that of platina in aqua regia * this, 
upon the fimple addition of water, let fall 
a calx, which, digeſted with cauſtic vola- 
tile alkali edulcorated and dried, exploded 
in the heat in the ſame way as gold precipi- 


tated from the nitrous acid by cauſtic vo- 
latile alkali, when waſhed and dried. 


e) Of all acids the muriatic beſt diſ- 


ſolves the inert calx of gold; even without 
heat it diſſolves it readily: a ſolution of this 
kind was precipitated by volatile alkali, as 
before, and the ſediment, when waſhed 1 
dried, inte as uſual. | 


— 


8 x 7 be - Pubnination f not fected 9 a 
Nitrum F lammans. Ps 


LE ty 2 —_ the better to end the de- 
_ tonating property of the nitrum flammans, 
let a ee of it be put into a cold glaſs, 
| then the heat be raiſcd as by as poſ- 
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fi ble, yet no detonation enſues, but the ſalt 
is reſolved into vapour, and flies off: let t 

glaſs be hot at firſt, and the ſalt will liquefy, 
but not detonate; but if it fall upon an 
-ignited glaſs, it kindles and deflagrates, with 
a noiſe and a yellow flame: it is in vain 
therefore to aſſign this ſalt as the cauſe af 5 
the fulmination.— Beſides 
(A) The ſound of tllis detonation is not 
at all correſpondent to that occaſioned by 
fulmination; but let us ſuppoſe it to be en- 
creaſed by the weight of the ſuperincumbent 


particles of gold, which prevent it from 


breaking forth, until the tendency to ex- 
ploſion, increafing more and more, becomes 

at length able to remove the obſtacle: but 
fimple detonation, unimpeded, requires a 
heat equal to ignition; when impeded it 
ſhould therefore require a greater degree; 


now aurum fulminans requires a much 


ſmaller heat, therefore ſome other cauſe bo- | 
ſides detonation myſt operate here. 
([.) The precipitate. of gold, which: docs 
not fulminate, I have endeavoured to unite 
by dry triture with nitrum flammans; but 
by this method could obtain nothing more 
than a powder which crackled in the heat; 
(c) As the falt is ſo eaſily ſoluble in wa- 
ter as readily to attract humidity from the 
atmoſphere, I thought that (if preſent\inau- 
rum tulminans) it might be ſeparated by 
boiling: one part of it was therefore boil- 
l 60 you 600 A 3 water for a whole 


hour, 


Haſh. The efficacy of the water, when 
| a nor duminiſhed by boiling, as far as the ear 


PEEL a 
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hour, and after the interval of a day the 


ſame was boiled with 600 parts of freſh wa- 
ter for the ſame length of time, but in vain, 
for the 


powder fulminated with as great 
violence as before. We may here obſerve 


the gradual efficacy of water: thus, if gold 


from the menſtruum be not 


P 
edulcorated, it ſcarcely fulminates at all; if 


waſhed a little with' cold water. it explodes 


indeed, but with a very obtuſe found, and a 
diffuſed flaſh; but if it be waſhed with a 
large quantity of water, or with hot water, 


it occaſions an acute ſound and an obſcure 


to this degree, is neither encreaſed 


can judge, which v are obliged to truſt to, 


ſo long as we are GEE: of a mone ac 


rate meaſure. 
an nne 4 destruction of 


the fulminating quality in Papin's digeſter, 
upon confidering the en of heat which * 
1 there ſuſtains {{ 1v 


AD) Gold diflolved indephlogiſticated ma- 


rine acid, and precipitated by volatile alkali, 


poſſeſſes the fulminating property, though 


nitrous acid has never touched it. If any 
one imagines that gold diſſolved in aqua re- 


gia can never (by the humid way) be per- 


fectly freed from nitrous acid, he muſt at 

leaſt confeis that that acid is altogether ab- 
ſient when dephlogiſticated marine acid is 
ens" to diſſolve the 2 this acid 


contains 


— 
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contains a certain quantity of phlogiſton, 


which it is obliged to yield to manganeſe, 


and then ene a yellow vapour, which” 
diſſolves all metals, by taking from them 
that quantity of phlogifton which would 
otherwiſe impede the ſolution; and the acid 


itſelf is thus reſtored to its natural ſtate, and | 


the combinations thus formed yield 3 
ſalts containing a potfect marine acid. 
From all this we conclude, ee 


though the nitrum flammans were, whickrit 


is not, ſufficient to explain the phænomena, 
yet it could not We Ins Ne te 
efficient _ 1 8 1 
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1605 In order to diſcover what tha aA 
tile alkali contributed to this effect, a non- 
fulminating precipitate was digeſted for 
ſome hours in cauſtic volatile alkali, after- 
wards edulcorated and dried: this 7 885 | 
nated perfectly. ; : 

(B). Left 8 ſuſpicion ſhould remain, of 
a remnant of the aqua regia adhering to the 
precipitate, notwitaſtanding the edulcora- 
tion, the experiment was repeated in this 
way: after digeſtion for 24 hours in vitrio- 


lic acid, the precipitate was waſhed in pure 


water, then immerſed in aqueous and ſpi- 
rituous ſolutions of alkali, both mild and 


N but the event was the ſame.” 
(c) An 


— 
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(e) An inert calx of gold, by ſimple di- 
geſtion in a ſolution of any ſalt containing 
volatile alkali, whether the ſaturating acid 
be vitriolic, nitrous, or marine, poſſeſſes 
the fulminating property. The golden calx 
is found increaſed in weight about o, z, and 
the reſidua of the ammoniacal ſolution con- 
tain a ſuperabundant acid: therefore the non- 
fulminating calx of gold is capable of ab- 
ſtracting a certain quantity of volatile alkali 
from the ammoniacal ſalts; which portion 
may again be ſeparated by diſtilling the au- 

rum fulminans well waſhed with vitriolic 
acid; for in the neck of the retort a vitrio- | 

| lated volatile alkali is found ſublimed. 1 

Ip) Finally, we ſhould recolle& that 4 
gold cannot receive the fulminating proper- 

ty without volatile alkali (5 11). 


8 
1 

| | 

bit 

| * 

bb ? 

13 Ho 


Y x11, Whether the Pulmination be effected | 
3 e by a Sulphur. a 5 a 
Mi.oſt of the ancient chemiſts, and not a 

few of the moderns, ſpeak of a certain ſolar 
ſulphur, nay, ſome contend that gold is 

Wholly a ſulphur ; hence they derive the ef- 
fects produced in the preſent caſe, endea- 
vouring to perſuade themſelves and others 
that here the ſame principles co-exiſt as in 
gun-powder and pulvis fulminans, namely, 
ſulphur, nitre, and tartar. But opinions like 
theſe, at once ſubtile and obſcure, we fhalt 

leave involved in their own darkneſs. 
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The following obſervations will ſhew _ 
that it is without reaſon any ſulphur is ſuſ- 
pecteu. line, 8 
( A) Of late the fulmination has been at- 
tributed to a nitrous ſulphur, generated in 
the precipitation, and adhering to the calx. 
The wonderful fulminating property of this 
calx is ſuppoſed to be ſufficiently accounted 
for by the detonation of nitre; but the pre- 
ſence of it in aurum fulminans has hitherto 
been ſought after in vain. As vitriolic ſul- 
phur may be diſſolved in a cauſtic lixivium, 
and precipitated by acids, it ſeems probable 
from analogy that the ſame property ſhould 
belong to nitrous ſulphur ; but upon boil- 
ing in a cauſtic lixivium (S vii.) the fulmi- 
_ nating power is found entire, and, upon the 
addition of acids to the lixivium, no par- 
ticular ſmell is obſerved, and the gold is 
precipitated, but in exceeding ſmall quan- 
(s) I have alſo employed vitriolic ether, 
that moſt powerful menſtruum of all in- 
flammable bodies; this, on digeſtion for 
ſome days, begins to be tinged yellow, a 
golden pellicle appears upon the ſurface of 
the liquor, nay, a few grains of the calx ly 
ing at the bottom exhibit the ſplendor of 
gold: upon evaporation to dryneſs this ſo- 
lution yields ſplendid gold, not at all ful- 
minating. 18 Sin ads e 
Gold ſeparated by ether from aqua regia, 
deſtitute of volatile alkali; when precipitated 
ieee i 
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by volatile alkali fulminates; but is totally 


void of that property, when thrown down | 


oY fixed alkali. 

(c) Common ſulphur is not foluble in 
fpirit of wine, unleſs when both theſe ſub- 
ſtances meet in the form of vapour; but we 
could not thence venture to conclude the 
fame of nitrous ſulphur: I therefore digeſt- 
ed aurum fulminans for eight days in recti- 
fied ſpirit of wine, but neither was the li- 


quor tinged, nor did any thing remain on 


8 nor was the calx found to be 


changed. 


It is worthy of 8 that the non- 
fulminating xa of gold, upon digeſtion for 
a few days in rectified ſpirit of wine, grows 
black, and acquires a fulminating property, 


| 720 weak, and Cine fimultaneous. 


FS xxII. UL Berker the Fulmination be 8 


by Aerial Acid. 


That fubſtance which enters into the 
compoſition of certain bodies, which, though 
much reſembling air, is ſubſtantially 


different from it, has been called by modern 


' writers fixed air, although it really is a true 


and diſtinct acid: ſome contend that this 
forms the bond of union between the 


ticles of bodies, and in that ſtate is ed 


and deprived of its elaſticity; and that when 
a conſiderable quantity of this recovers its 
HF” at once, it muſt ſtrike violently 

upon 
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upon the atmoſpheric air, thereby exciting 
undulations, and conſequently a ſound, 
which is various according to circumft 


They think, that in the . preſent” caſe the 


| gold i in ſolution loſes its fixed air, which it 
again recovers in ſtill greater quantity during 
the precipitation, as the calx is found encreaſ- 
ed in weight the precipitate being then ex- 
poſed to fire, this aerial matter is ſuddenly 
forced to quit the calx, notwithſtanding the 
weight of the particles of gold; by means 
of which, however, the eruption being im- 
peded, is made far more violent; hence the 
extraordinary noiſe. The following obſer- 
vations will ſhew clearly that in this in- 
ſtance the fixed air does not act in this caſe. 

(4) The elaſtic fluid which may be en- 
lefied during the fulmination, is not ab- 
ſorbed by water, nor does it Precipitate lime 
from that fluid (F 11: ). 

(3) Gold precipitated by mild fixed al- 
kali, does not fulminate, unleſs the men- 
ſtruum contains volatile alkali. | 

(c) Gold precipitated by cauſtic as vel 
as mild volatile alkali, fulminates. 

(5) Gold in its eee rejects the | 
aerial acid. | | 


; * I v. The Pe 7 P lumen 
e explained. | 


E rom bat has been ſaid it is plain — 5 
i che vitriolic and marine acids are no leſs fa- 
vourable 
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vourable to fulmination than the nitrous 
* (F 1x.) yet that neither of theſe. is otherwiſe 
neceſſary than as diſſolving and attenuating 
the metal (F xI.); and finally, that no ful- 
mination takes place without volatile alkali 
(F x1.): the queſtion therefore is, hoy- 
the volatile alkali acts in this caſe? To this 
queſtion I ſhall endeavour to give the beſt 
anſwer which experience has pointed out. 
() From the very nature of the thing it 
is plain that ſo great a report, and ſo violent 
an exploſion, could not happen but by 
means of the copious and inſtantaneous 
eruption of ſome elaſtic fluid violently ſtrik- 
ing the common air; and that this is the caſe 
in the fulmination we have already obſerved 
( 111. G); but, for the better underſtand- 
ing this operation, it is neceſſary to conſi- 
der the conſtituent parts of aurum fulmi- 
nans, namely, the volatile alkali and the calx 
1 . v7 It cannot be doabred that volatile alkali 
. always contains phlogiſton : to paſs over 
{1 other proofs, it may be ſufficient to mention 
bt its detonation with nitre. Now this phlogiſ- 
bl | ton may be ſeparated by means of a ſuperior | : 
1 attraction ; ſo that the volatile alkali is de- 
3 compoſed, and the reſiduum diſſipated in the 
form of an elaſtic fluid altogether fimilar 
3 = to that which is extricated during the ful- 
| maination: the ſource then from whence the ö 
elaſtic fluid is derived is obvious; it 3 


\ 


- 


the volatile alkali is dephlogiſticate. 


(e) In thoſe metals which are called per- 
_ fe, ſo great is the firmneſs of texture, and 
ſo cloſe the connection of the earthy .prins.. _ 
ciple with the phlogiſton, that by means of 
fire alone theſe principles cannot be diſu« . 
nited; but when diſſolved by acid menſtrua; - 


they muſt neceſſarily loſe a portion of their 


they however attract phlogiſton ſo forcibly 


therefore is calcined by ſolution; and this 


may be laid down as a fundamental poſition, . | 


ALA i076 02/0; 16 
mains to examine the medium by which 


phlogiſton, and therefore, when afterwards: . : 
precipitated by alkalis, which cannot ſupply. 
the loſs, they fall down in a:calcined ſtate 2 


that they can be again reduced to a metallic 
ſtate without additament, merely by an in- 
tenſe heat penetrating the veſſels. Gold 


being expreſly treated of, and, if I miſtake 


not, undeniably demonſtrated, in another 


place. | £31 


..) Let the powder, now conſiſting of 
calx of gold and volatile alkali intimately  - 
united, be expoſed to an heat gradually in- 


creaſing, and let us examine what wall 
the conſequence ;—the calx, which is uni 


with the volatile alkali, by the affiſtance of a 
gentle heat ſeizes its phlogiſton, and when 
tis is taken away the refiduum of the falt 
is inſtantaneouſly expanded into the form of 
an elaſtic fluid, which is performed with ſo 
much violence, that the air muſt yield a very 


l... 


acute ſound. The calx may indeed be re- 


'Y 

4 
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11 Aduced by means of a very intenſe heat alone; 
1 in which proceſs the heat is decompoſed, and 

| 1 5 yields its phlogiſton to the calx, upon which 

ö | 1 the other principle, the pure air, is ſet at li- 
Tl berty. But in the preſent inſtance a ſmaller 

| | degree of heat ſeems to be neceffary than 
1 | when the volatile alkali 1s abſent ; hence we 
2 may impute the reduction chiefly to it, al- 
1 though it can ſcarcely be denied that ſome 
=_ - rticles are reduced by the heat alone. 
gh This: we colle& from the obſcure flaſh ; for 


light, ſo far as experiment has yet ſhewn, is 
nothing more than the matter of heat, with a 
ſuperabundance of phlogiſton: a part there- 


TY 85 fore of the calx being reduced by the phlo- 
1 | giſton of the heat, the pure air (the other 
4 - © Ingredient) is ſet at liberty, and attacks the 
1 ſuperfluous volatile alkali (which is now 
BY hot) and is ſo loaded with the phlogiſton of 


the alkali that it exhibits the appearance of 
light: for this cannot be attributed to the 
ſurrounding air, as the phænomenon takes 
place even in aerial acid. But that the vo- 
latile alkali can in this way produce a flaſh, 


Lit | is evidently ſhewn by another experiment: 
_ Re for if this ſalt be thrown into an hot cru- 


cible, it inſtantly exhibits a flaſh.— The 
poolatile alkali, in its ordinary tempera- 
OR ture, does not yield its phlogiſton to pure 
i | Air; but that principle, being of itſelf ve 
ES fugitive, upon the acceſs of heat is ww” 
more eaſily ſet at liberty, and unites with 
the pure air. K : : 
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2A inigle cubic inch of gun-powder ge- 
nerates about 244 of elaſtic fluid, but the 
ſame quantity of aurum fulminans yields at 
leaſt four times as much; and hence we 
may eaſily underſtand __ 3 by their | 
ennie force. 

The above explingtlen! of the report, 
founded upon the knowledge of the compo- 
fition of heat, and of aurum fulminans, 
ſeems abundantly ſatis factory, but ſome 
phænomena fell remain not IIA ac- 
counted for. begin 

That civeful merke ſhould! deſtroy 5 
the fulminating property, is not to be won- 
dered at (F Iv. A), as the volatile alkali is 
the indiſpenſable material cauſe (S x.); but 
the peculiar alacrity which it acquires be- 
fore the exploſive force is totally extinguiſſi- 
ed, depends upon the nature of the mate- 
rials, and of the operation. Thus the heat, 
when inferior to that neceſſary for fulmina- 
tion, acts upon both the principles of the 
aurum fulminans, it prepares the metallie 
calx for a more violent attraction for phlo- 
giſton; it alſo acts upon the phlogiſton of 
the volatile alkali, and looſens its connec | 
tion: theſe two circumſtances muſt tend t 
the union producing the exploſion. But 
thjs effect has a maximum, and at this pe- 
riod the ſlighteſt friction ſupplies the de- 
fect of neceſſary heat, and produces che ful- 
mination. The calcined gold alſo ſcems to 
collect and fix the matter of heat, 9 

| M 2 ſtill 
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ſtill inſufficient, by means of its phlogiſton, - 
in a certain degree; ſo that, by means of 
friction, though but very ſlight, it becomes 
capable of exerting its force: but when the 
heating is often repeated without producing 
its effet, the volatile alkali is by degrees 
diſſipated, and at length ſo much diminiſh- 
ed that the calx becomes inert. That this 
diſſipation is promoted by enlarging the ſur- 
face is evident, and this explains the mode 
of action of the heterogeneous particles in- 
* between thoſe of the calx (& Iv. B). 
But if aurum fulminans is capable of pro- 
ducing ſuch a prodigious quantity of elaftic 
fluid, how does it happen that it remains 
mute and inert when reduced in cloſe veſ- 
ſels ? This I take to be the reaſon—ev 


elaſtic fluid in the act of breaking forth re- 


quires a ſpace to expand in; if this be want- 
ing it remains fixed, as has been already de- 
monſtrated: taking this for granted, a calx 
of gold cannot be reduced in cloſe. veſſels 
either by heat or by the phlogiſton of 
volatile alkali; for in either caſe it muſt 
evolve its elaſtic fluid, which by ſuppoſition 
it cannot do. Nothing remains to ſolve this 
difficulty but the ignition of the ſurround- 
ing metal, by means of which the calx, in 
virtue of its ſuperior attraction, ſeizes 3 5 
phlogiſton of the metal, which that ſub= 
ſtance, here as well as in other inſtances, is 
capable of loſing without the eruption or 
abſorption of any fluid whatever. 5 
N 1 . Whether 


Wy. * — 
2 


pi 
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Whether this explanation be ſatisfactory 


or not I leave to the deciſion of the ju- 


dicious. | . 

(z) The ſtories told us by authors of the 
fulminating property of certain metals, par- 
ticularly copper and ſilver, have not, I con- 
feſs, been verified by my experiments; ſo 


they have either been filent upon ſome cir- ; 


cumſtances neceſſary in the operation, or 


perhaps have been deceived by the deto- 


nation of nitrum flammans, or ſome other 


accidental occurrence. It is not ſufficient 


for the volatile alkali to adhere to the 


precipitate; for platina thrown down by 
this alkali retains a portion of the alkali 
very obſtinately, but yet does not fulminate 
on expoſure to fire. Beſides the preſence of 

volatile alkali, it ſeems to be neceſſary that _ 


the metallic calx ſhould be reducible by a 


gentle heat, in order to decompoſe it: but 
every exploſion is not to be derived from the 
ſame cauſes ; nay, in this reſpect aurum ful- 

minans, gun-powder, and pulvis fulminans, 
differ very much, though they agree in ſe- 


veral particulars. 
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F $. T1 Introduction. 


SCHEFFER was the firſt who 
properly examined the new metal 
which was lately found in America, and 
brought to us under the name of platina. 
In the year 1752 he inveſtigated its proper- 
ties, and demonſtrated that in perfection it 
approached to gold, and therefore gave it the 


rienced chemiſts, with laudable induſtry, 
have laboured in the accurate examination 
of this ſubſtance ; ſo that we may ſay with 
juſtice, that there are few 'of the metals, 
though known and uſed for eighteen cen- 
turies and upwards, which have undergone 
ſo accurate an inveſtigation, by means of 550 
SN | mo 
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moſt acute experiments; 3 _ notwithſtanding | 
this, however, many circumſtances occur to 
an enquirer which are ſtill obſcure, and not | 
ſufficiently - elucidated by experiment, and 
hence have ariſen many diſſenſions. Some 
of theſe points I hope I ſhall be able. to 
. elucidate, eſpecially as Il am in poſſeſſion of 
a ſufficient quantity of platina, by the gene- 
roſity of the Baron Claudius Alſtromer, who / 
had brought it with him I his return 
| from as 


v2 I 1. Platina precipitated by Means 5 
vegetable Allal. 


This new metal, diſſolved in aqua regia, 
exhibits, upon precipitation, many peculiar | 
properties worthy of accurate examination. 
— We ſhall begin by the precipitate occa- 
ſioned by vegetable alkali. 

(A) Aqua regis, compoſed of nitrous and | 
marine acid, attacks platina, exhibiting a 
ſolution at firſt yellow, but which When 
further loaded grows red, and the colour 
pou the deeper as the folution is. more 

aded with the metal. Upon evaporation 
cryſtals are produced, of a deep red colour, 
frequently opake, but ſometimes 'pellucid, 
in general very ſmall, irregular, and reſem-: 
bling angular grains, the real form of which 
I have not yet been able to diſcover.” © 
(8) Theſe cryſtals, waſhed | and well 
dried, ee more water than gypſum 
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does to diſſolve them by boiling. The ſolu· 
tion is yellow, and ſeparates ſome pale floc- 


culi, which are probably martial: vege- 
table alkali does not diſturb the ſolution, 
nay, the cauſtic lixivium of this alkali, when 


hat, does not diſſolve the cryſtals, or at leaſt 


attacks them very faintly, even although a a 
digeſting heat be applied, and the liquor 
evaporated to Haar . By this method the 
colour of the cryſtals is a little weakened, 
the aerated mineral alkali diſſolved in water 
takes them up and grows yellow, yet it re- 
mains clear, and in many hours does not 


depoſit any thing, but by cyaporating to 


dryneſs it decompoſes them. 


((c) The folution (4a) upon the addition 


of a little vegetable alkali, either aerated or 


cauſtic, immediately, or at leaſt in a few 
minutes, depoſits ſmall ponderous red cryſ- 


tals, of a different nature from thoſe men- 


tioned in B; theſe are ſometimes diſtin&ly 


octaedral, and ſoluble in water; they are de- 
compoſed with difficulty by the mineral, but 


are not changed by the vegetable alkali. 


But if the alkaline ſalt be added in larger 
quantity, the ſuperfluous acid being ſatu- 
rated, there is ſeparated a yellow ſpongy 
powder inſoluble in water, which exhibits 
a calx of platina. 1 


The clear ſolution (A) reduced ſo far by 


. evaporation, that the remaining liquor con- 
_ - tſted only of a few drops, upon the addi- 
tio 


n of the alkali exhibited the ſame phe» 


a 
Cp 
* 


is 
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nomers as mentioned above, except that the 
cryſtalline powder was of a deeper yellow. 

(D) Inſtead of the vegetable alkali, let the 
ame, ſaturated with an acid, either vitrio- _ 
lic, nitrous, marine, or acetous, be employ- 

ed; nevertheleſs, the red cryſtalline mole- 
cules appear; but by this method the whole 
of the platina cannot be ſeparated, as in the 
foregoing paragraph (c); for the ſolution re- | 
tains a deep yellow colour, however abun= 8& _, 
dantly theſe falts be added, nor does an 

enuine calx of platina fall, except upon 

the addition of an alkali; for which pur- 

poſe either the mineral or eee will 
ſerve. 

() I took the fame ae of plata as 
in A, and tried it with an equal bulk of 
menſtruum, conſiſting wholly of * nitrous 
acid; to which was added of common ſalt 
four times the weight of the metal: this 
nitrous acid was taken out of the ſame bot- 
tle as in A; in a digeſting heat all the pla- 
tina was diſſolved; the ſolution was red, 
but more dilute chan that in A; a yellow 
powder floated on the ſurface, but: at the 
bottom a larger quantity of the fame. was | 
found. 

The clear ſolution, upon the dite of 
the ſmalleſt quantity of vegetable alkali, de- 
poſited a copious yellow powder, which yet 

was ſoluble in a ſufficient quantity of water. 
I be neutral falts, with a vegetable alkaline 
4 baſe, alſo precipitated: a ſimilar powder more 


oy | 
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flowly and more cryſtalline ; but the mine- 
ral alkali, though employed in fifty times 
the quantity of the vegetable alkali, does 
not at all diſturb the ſolution, the Dona 
acid not being yet ſaturatee. 
The powder collected at the bottom was 
totally ſoluble in water, and in its proper- 
ties agrees with the cryſtalline powder ſpon- 
taneouſly ſeparated in B, but is of a yellow 
colour. 

(r) I repeated the experiment with the 
ſame quantities, but inſtead. of the nitrous 
acid and ſea-ſalt, I uſed the marine acid 
and nitre, well-depurated. In this experi- 
ment the Rat yielded a ſolution of a 
golden colour, together with a greeniſh 
powder, moſtly granulated, the more ſub- 
tile part of which floated on the ſurface. 

ag clear ſolution did not depoſit any 
thing upon the addition of vegetable alkali, 
pagil 4 the ſuperfluous acid was ſaturated, 
but then yielded a metallic calx inſoluble 
in water.. 

The green powder ; is wholly Gluble in a 
ſafficient quantity of water, and agrees, as to 
its properties, with the cryſtalline powder 
_ occaſioned by the vegetable hay, in © 
and Do. 

(6) Platina precipitated from aqua Nein 
by a ſufficient quantity of mineral alkali, 
wall waſhed, and diſſolved in marine acid, 

the addition of vegetable alkali imme-= 
dial lets fall a * powder; Which 
18 
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is alſo the caſe with nitre and other neutral 
ſalts, whoſe baſis is the vegetable alkali. 1 
employed the additaments, eſpecially the 
neutral, dry, or at leaſt well ſaturated ſolu- 
tions. | 
lu) The caſe is the fame with ot of 
platina diſſolved in vitriolic acid. | OY 

(1) The precipitate of platina i is taken up 
alſo in the ſame way by nitrous acid freed 
from all admixture of the marine; but this 
nitrous ſolution exhibits different properties 
with the vegetable alkali from thoſe of the 
muriatic ſolution in 6 ; for I could not ob- 
tain a diſtinct ſaline precipitate, without the 
addition of marine acid. 

(k) That which I have now affirmed of 
the calx of platina, is alſo true of the pre- 
cipitate occaſioned by vegetable alkali, afte 
the depoſition of the faline powder (o). 

(L) Upon comparing theſe experiments 
it will readily appear, 1ſt, That the pre- 
cipitate which is firſt thrown down, on the 
addition of vegetable alkali to ſolutions of 
platina, is a ſaline ſubſtance,” and different 
from the calx of this metal (e): 2d, That 
this ſaline precipitate is compoſed of cal- 


cined platina, marine acid, and vegetable al. 
kali (DEF and 1): zd, That by means 


of vitriolic acid a precipitate analogous to 
this may be obtained, compoſed of calcined 
platina and vegetable alkali, joined to vitrio- 
lic acid (n).: 4th, That the whole ſolution 
o xs cannot hs AI ona in the form 
of 
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of a triple falt by the vegetable alkali, either 
diſengaged, 'or otherwiſe ; but that a deter- 


mined limit takes place, upon paſſing which 
it yields a metallic calx in the uſual way, 


4 like other metals. 


8 J III. | Plating precipitated by Means f the 


Mineral Alkali. 
The moſt celebrated chemiſt of the age, 


Mr. Margraaf, denies that a ſolution of pla- 


tina can be precipitated by mineral alkali, 
which Dr. Lewis confirms on repeating the 
experiment. Now, as none of the metals 
adhere to acids with, ſo much force as to 


refuſe quitting - them on the addition of 


mineral alkali, platina would form a very 
ſingular exception; I therefore thought this 
circumſtance worthy of INI examina» 
tion. 1 * E. 


(4) 1 tried the common ſolution of pla- 


tina with a ſolution of mineral alkali ; each 
drop, on falling in, excited a violent alles. 


veſcence, but no precipitate appeared. I 
ſtill continued, however, to drop in the al- 


kali, and at length the ſolution began to 


grow turbid, f a ſpongy yellow powder 
was precipitated, conuting of a genuine: calx 


of platina, 


4A afterwards effected ths ane more 


— 


050 In 


o F/ PLATING. 1 


(3) In order the better to deterhibe the 
different efficacies of the fixed alkalis, I di- 
vided a ſolution of platina, as yet very acid, 
into two equal parts; to one of them I ad- 
ded ſmall portions of the vegetable, and to 
the other an equal weight of pieces of mi- 

neral alkali: between the addition of every 
two pieces I waited five minutes, till the 
efferveſcence had ceaſed. After the third | 
addition, I obſerved ſmall cryſtals appearing 
in the firſt, partly on the ſurface, partly on 
the bottom; while at the ſame time no ſe- 
paration of calcined platina appeared in the 
Jatter, until after the addition of fifty-fix . 
times the quantity of the vegetable alkali . . 
the difference was, however, ſtill greater 
than at firſt appears from this experiment; 
for the vegetable alkali was cryſtallized, and 
therefore charged with the water neceſſary 

to its cryſtalline form; whereas the mine- 
ral alkali was ſpontaneouſly: calcined 3 and 
although in equal weights of theſe two alka- 2 
las, the pure alkaline parts are as 3 to 2, yet 
3 parts of vegetable alkali ſaturated only 


,71 of this aqua. regia, while 2 of the mi- 
neral alkali took up about 2,6. ' 


A difference ſo great as this, to bs 
with the then undiſcovered ſaline nature 
of. the aer firſt thrown down by the 
vegetable alkali, undoubtedly contributed to 
deceive theſe experienced and deſervedly ad- 


mired chemiſts; a circumſtance Wine: is 19 
no means wonderful. 
| (c) in 
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(e) In reſpect of precipitation, thernfvre, 
the mineral alkali ſuffers no impeachment, 
but rather the vegetable exhibits a very 


fingular habitude with regard to diſſolved 
platina, which it er not poſſeſs nth any 
Naas 0 3dg 


N 


we: þ Ty. Platina A ee ty Me eans * 
755 pak , volatile Alkah. 


Dr. * Was the firſt Pro: thewed that 


| platina- may be | precipitated by ſal ammo- 


niac; this is a fingular phenomenon, which 
we ſhould, by no means expect from a neu- 
tral ſalt, and which I have never yet ſeen 


explained. The following obſervations are 
intended to illuſtrate this proceſs. 


(A) The volatile alkali, whether mild or 
cauſtic, precipitates platina in the ſame way 
as deſcribed 5 11. C, at firſt it throws down 
the metal in a ſaline form; and, although 
the grains be ſmall, yet they are of a cryſ- 
talline ſhape ; which upon examination is 
ſometimes found to be diſtinctly oftaedral. 

Their colour yaries according to the in- 
tenſity of the ſolution; when red, it de- 
poſits, red cryſtals ; and when more dilate, 
no. other than yellow. After the ſuper- 
abundant acid has been ſaturated, the ſame 
alkali Precipitates,: bs Platina truly cal 


cCined. 


(8) The Gline Eni though lowly | 


taken up FT water, yet if the quantity. of 


water 


| 8 be ſucßeient is . Golredl. and 
may by evaporation be reduced to more 
regular cryſtalss. | 
The mineral alkali W then aryl 
tals; but ſcarcely any ſigns. of decompoſi- 
tion appear, unleſs the yellow ſolution, eva» 
porated to dryneſs, be again diſſolved in 
water; for then the metallic calx reſts 2 
the bottom, and the ſolution wants the yel- 
low colour. The vegetable alkali has ſcarce- 


ly any effect in this way, for after repeated 


exliccation, the ſolution remains clear and 
yellow; but here it appears very probable, 
that this alkali takes the place of the vo- 
latile, for in larger quantities, and eſpecial- 
ly when the cauſtic vegetable alkali is em- 
ployed, the expulſion of the volatile Ae 
is in ſome degree manifeſt by the ſmell. 

(e) The volatile alkali, ſaturated; withany 
acid, throws down a ſimilar faline preci 
tate, at leaſt it produces the effect, whe 
it be joined with vitriolic, nitrous, or marine 
acids; but theſe neutral ſalts precipitate 
only a determined quantity of platina; for, 
after the ceſſation of theit effect, the re- 
maining liquor, upon the addition of vege- 
table or volatile alkali, lets fall a _ 
calx. 


(D) The cal of platina, precipitated by 5 


nine) alkali, and then diflolved in any 
_ ſimple acid, as vitriolic, nitrous, or marine, 


exhibits nearly. the ſame phenomena with 
2 | | volatile - 


i 
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volatile alkali, whether diſengaged or other- 
wile, as it does with the vegetable alkali. 

(zx) Upon conſidering theſe experiments, 
therefore, we may conclude, that platina, 
diſſolved in acids, forms at. firſt, as welt 
with the volatile as with the vegetable al- 
kali, a triple falt, which is difficultly ſolu- 
ble, and therefore almoſt always falls in the 
manner of a precipitate, unleſs the qontiticy 
of water be more e abundant than — 


8 N. Platin e ee by. Means of 


Lime. 


oy a): ili, whether aerated or 0 
precipitates platina in the ſame manner as 
the mineral alkali dees, without any cryſ- 
talline appearance. 

() Upon the confideration of theſe phe- 
nomena, there appears a fingular analogy 
between the vegetable and volatile alkalis, 
and between the mineral alkali and lime. 
A like agreement takes place between theſe. 
ſabſtances in other inſtances. I ſhall men- 
tion one remarkable example :—alum, ex- 
tracted from argillaceous matters, by means 
of vitriolic acid, ſometimes cannot, without 
difficulty, be reduced to ſolid regular cryſ- 
'tals ; but by the addition of a ſmall quan- 
tity of vegetable alkali this inconvenience 
may be remedied, and the volatile alkali 
tang the lame effect. It may be ſuf- 


pected, 
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pected, that this is owing to the abſtraction 
of ſuperabundant acid; but it cannot be 
done either by mineral alkali or lime, both 
of which are capable of ſaturating the acid; 
| beſides, not only the vegetable and volatile 
alkalis aſſiſt the cryſtallization of alum 
when they are diſengaged, but alſo when 
united with acid, which makes the reſem- - 
blance complete. The matrixes of alum - 

frequently contain the proper alkali, either 
naturally combined with them, or ſuperad- 
ded in the roaſting ; and hence it is ſeldom 
neceſſary, in the preparation of alum, to pro- 
mote the cryſtallization. by alkalis. 


$ v1. Diffculty with which Platina js fuſed.” | 


It is well eſtabliſhed, that of all known 
metals. platina is the moſt difficult of fu- _ 
ſion ; for, in its perfect ſtate, it is ſcarcely . 
to be. overcome, except in the focus of a 
burning mirror; while mercury, on the 
contrary, finds ſufficient heat in the. coldeſt. 
winter to preſerve a fluid form; but not long 
ſince, the celebrated Deliſle diſcovered a me- 
thod by which platina may be fuſed even by 
a common fire. Thus the precipitate ob- 
tained by ſal ammoniac, expoſed without 
additament to a moſt. violent degree of heat 
in a blaſt- furnace, yields a poliſhed metallic 
globule, which is ſometimes ſufficiently mal- 
| kable. I have repeated the experiment with 
ſucceſs ; but in order to obtain the regulus 
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in a malleable ſtate, the quantity mut be 
very ſmall, and the heat very intenſe. 
(A) I tried whether platina, precipitated 
by ſal ammoniac, could be fufed by the 


blow- pipe. In order to make a ſmall por- 
tion remain on the charcoal, notwithſtand- 


ing a violent blaſt, T added to it a little mi- 
'crocoſmic ſalt in fuGva; and in a few mi- 
nutes obtained a poliſhed globule, but ſo 

very '{mall, that when beaten out it yielded 
a circular plate of only one line in diameter. 
J found means, by the addition of microcoſ- 
mic falt, to reduce ſeven or eight of theſe 
planes into one maſs, equal in bulk to the 
ber of a common pin; and after beating 
this out, I once reduced it again to a glo- 
bular form, ſtill preſerving its malleability, 
but could not fuſe it again; for, being im- 
perfectly fuſed, it broke under the N 775 
mer. 

Borax is ſcarcely of any iſe in his opens 
tion, for it expands upon the coal together 
with the precipitate. 

(B) The ſaline precipitate thrown down 
by volatile alkali, treated in the ſame man- 


ner, exhibits the fame properties as the fore- 


going. 
zo he found fo great reſemblanee be- 


tween the precipitate occifioned by the vo- 


latile and by the vegetable alkali, that 1 
mould have concluded, that in this ex- 
periment they would prove to be ſimilar; 
but 1 have often had -occaſion to ſee how 

5 AMttle 


nine, 1 


little analogy is to be confided in; I there- 
fore made the experiment with the cryſtals 
obtained by vegetable n. and found =y 


5 conjecture to be juſt, 


([..) The cryſtals obtained by Forman 
evaporation (F II. B) after completely drying, 
when added to the microcoſmic ſalt in fu- 
ſion, decrepitate more violently than thoſe 
obtained by means of the alkaline falt-(F 11. 
c; and Iv. A). Somewhat, however, re- 
mains in the fixed maſs, which is not un- 
1 reduced upon its ſurface, yielding 
a pellicle of a filver colour; but I have not 
hitherto been able to reduce it to a globule. 
Thus far I have advanced, namely, to ob- 
tain the platina collected together within 
the ſalt, in a white maſs of an irregular 
form; but the particles of this ſpongy 
maſs were ſeparable by mechanical force. 
This is the caſe with the calxes of latina, 
by gait alkali they are precipitated 
6 111. A; II. c; and iv. A); therefore it 
ſeems very probable, that the principle which 
diſpoſes to fuſion is ſupplied by the vege- 
table, and alſo by the volatile alkali. | 
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By the method now deſcribed, I obtained 
ſeveral very beautiful pieces of regulus ; they 
were, it is true, exceeding ſmall, but won- 
derfully malleable; and were freed from 
iron 9280 repeated fu _ with . 
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ſalt, more completely than by any other 
method hitherto known. It is proper to 
obſerve, that the crude platina was ſelected, 
and repeatedly boiled in marine acid, until 
the menſtruum could not extract any more 


iron. By this proceſs 0,05 were ſeparated, 
the remaining part of the iron being doubt- 


leſs ſo enveloped by the partieles of platina 


that the boiling acid cannot have acceſs to 
them. This platina, after waſhing, was diſ- 
ſolved in aqua regia freed from all iron, 
and then precipitated by the pureſt ſal am- 


moniac. I ſhall therefore deſcribe the qua- 


Hes of the regulus obtained from this pre- 


(A). Its colour is chat of the anreſt filver. 

(3) The very ſmall globules are wonder- 
fully ee but when many of theſe are 
collected together they can ſcarcely be ſo 
perfectly fuſed as to preſerve the ſame de- 
bree of malleability. 


(e) A magnet, tough of great power, | 


: Fs not act upon them in the leaſt, nor is 


the moſt delicate magnetic needle affected 
by them, 
(v) They cannot be diſſolved by any 


0 Simple menſtruum; except the dephlogiſti- 


cated marine acid. 
(E) Aqua regia, compoſed of the acids. 
3 diſſolves them, is yellow at firſt 


and, when more ſaturated, red; on evapora- 


tion the ſolution yields ſhapeleſs cryſtalline 


grains. though, 1 * 8 that in the 
. £ | Os 


o LATIN“ „ 8 


place of theſe I have ſometimes. obtained 
| nothing more than a ſaline maſs. 

(v) Their habits with alkalis, whethes 
diſengaged or ſaturated with acids, are the 
ſame as above deſcribed. 5 
__ © (6) The phlogiſticated alkali, well atu- 
rated, and freed from the ſmall portion of 

Pruffan blue ich ie diſſolves, ocgaſions 
no precipitation, but the colour of the ſo- 
tution is rendered darker. - This lixivium 
therefore diſſolves platina, as well as ſome 
other metals. Not the ſmalleſt veſtige of 


Pruſſian blue appears, which yet is evi- 


dently ſeen upon the addition of a portion 
of martial vitriol, amounting to only 0,00r 
of the platina con ed in the ſolution, 
although 0,001 of martial vitriol contains | 
only euere ee, ay iron. ö | 5 | 


— 
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<4 from all others. 


Although many of the moderns give og | 
tina a place among the metals, yet there are 
ſome naturaliſts of high reputation Who 
conſider it as nothing more than a mixture 
of gold and iron. We ſhall not here con- 

ider the arguments on both ſides, but reſt 
entirely upon the concluſions which follow: 
clearly from the preceding experiments. 

(A) As to iron, there is no doubt of its 
preſence in platina, as is evidently ſhewn 
| both dy the magnet and the phlogiſticated 
: N 3 Iixivium : 
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lixivium : but whoever examines the metals 
accurately will find that they never occur in 


a perfectly pure ſtate. Gold is contaminat- 


ed more or leſs with ſilver, copper, or iron; 
ſilver with copper and arſenic; copper with 
iron, and that generally in ſuch a quantity 
as to be diſcernible, but ſometimes in ſuch 
ſmall portions as to be concealed; nickel 


contains cobalt; and ſo on. Let us now 5 


poſe that native platina is never found with- 
out iron; yet it does not follow from thence 
that iron enters into it as one of its conſtitu- 
ent principles. | J 

(3) This iron may be artificially ſeparat- 
ed, or at leaſt fo much diminiſhed as not to 
be in the ſmalleſt degree ſenſible, either to 
the magnet or the phlogiſticated lixivium 
(F vii.) With what appearance of proba- 
bility then can it be ſaid, that in depurated 
platina (which in 100,000 parts is ſuppoſed 
to contain 99,977 of gold) the nature and 
diſtinguiſhing properties can be ſo change- 
able as that a ſmaller quantity than 0,0002 3 
of iron (F v11, G.) ſhall operate fo as to 
conceal the properties of both the ingredi- 


ents? - N 


(e) I have long wiſhed to get a piece of 
platina entirely crude, and unchanged by 


art; for not only is iron ſuppoſed to be a 


rinciple of this metal, but it is aſſerted ta 
magnetic: it is known that grains of pla- 
tina are found mixed with gold in the bowels 


of the earth, and that the gold is freed 


from 


oF PL ATT 1 
from them in iron mills by means of 
mercury; may not the magnetiſm therefore 
be occaſioned: by the iron which adheres; du- 
ring this operation, as we know that iron 
receives that property by percuſſion and 
other means? — beſides, a ſuitable fituation, 
long continued, alſo generates that quantity; 
and perhaps to this cauſe may the magne- 
tiſm be owing, if it actually does take place 
in crude platina; if not, it muſt be entirely 
attributed to art., 3 Bog ; 
In the year 1774 two Spaniards who had 
come to Upſal, from America, preſented me 
with two ſorts of platina, one of which had 
been waſhed with mercury, in order to ſe- 
parate the gold; the other rude, which they 
aſſerted had never been expoſed to amalga- 
mation. This latter was to me a very ac- 
ceptable preſent ; but my pleaſure ſoon 'va- | 
niſhed, for a few ounces of it, expoſed to fire 
in a glaſs cucurbit, ſent forth mercurial va- 
pours, which formed into globules on the 
neck of the veſfet. As platina is mixed 
with particles of gold, there is very little 
probability that it ever comes to Europe 
pure: it may happen alſo that it repeatedly 
undergoes that operation, for even ſuch as 
is brought to Europe yields grains of gold: 
when once deprived of the gold it is throw n 
out; and this it moſt probably is which, 
after a ſeries of years, is conſidered as pure. 
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_ © DISSERTATION” XIX. 


by OFTHE. 


WHITE ORES OF IRON. 


| - J 1. An accurate Knowledge of Ores ne- 


cefſary to the proper Treatment of them, 


VUR omnipotent Creator has provided 
for the uſe of man an inexhauſtible 
ſtore of natural bodies, which are to be 
found in the external covering of the globe; 
| ſome of theſe we have accidentally learned 
to employ to our advantage, others we have 
been urged by neceflity to ſeek ; and by flow 
degrees, and after many trials, we have diſ- 
coyered the proper treatment of them: but 
the greateſt number we ſtill neglect as uſe- 
leſs, 62508 ignorant of their value. 9 


- 


OF THE WHITE ORES OF I RN. 18 5 


It is obvious, that in proportion as men 
become more perfectly acquainted with the 
virtues, qualities, and compoſition of 0 
the more perfectly and eaſily will they be 
able to apply them to their advantage and 
convenience. Upon that particular, there-' 

fore, ſhould our chief care be employed, for 
a proper acquaintance with the ſtores of na- 
ture will certainly be followed by the appli- 
cation of them to uſe: nevertheleſs, ſo provi- 
dent has nature been againſt human igno- 
rance and ſloth, that the rudeſt labour is not 
without ſignal advantage: : thus in the darker 
ages we find the richeſt minerals uſed as tri- 
butes, a circumſtance which naturally fol- | 
lowed the diſcovery of them; yet they” 
were not valued in proportion to their goodg — 
neſs. When, by the experience of ages, the 
various qualities of theſe bodies were diſ- 
covered, the foundation of metallurgy be- 
gan to be laid; and in proportion as the 
Fave rior {kill of men now enables them to 
NG more metal from - poorer veins, na- 
ture ſeems to have diminiſhed the former 
ſuperabundance of theſe productions. The 
chemical knowledge of the preſent times 
| would be too much enriched, if the former 
abundance ſubſiſted; and on the other hand, 
the rude and unſkibfot attempts of the firſt 
inventors would be entirely uſeleſs, had th 


been cramped by the ſcarcity ws is now 
found to an place. 


W | | Q 1 Phy. 


Wr 


. | 
* 
— 7 8 5 IEA 25 3 — * _ _ oy 
ROT VOL r MINES 2 * — — 1 
5 — * . 
7 23 
10 . 2 . 8 4 IE" s Dy : 7A 
n cc — fines OE WI I SI R - 
rn — as - - " C 7 it ad r * 2 r - 3 A - 
* 8 8 2 K — . Ae. x 1 4 nos oi — Le 8 2 —— 0 
. e 8 1 * * ; . FE , ; 9 — 
— — cr, N . ˙  —  —— — — ws 4+ k 0 
—— - : e * 
* — - 1 


RN — 32. 


r 
= Co 7”: 
— or = — 
2 —— * — 
- OR * 93 wa 
N PEI $5 
— oy — — — 
— 


r 


r 


186 OF THE WHITE ORES or IRON. 


1 II. rue, Qualities of the white G 
of Iron. - 


_ Theſe ores bows received. divers: denomi-. 


nations, from the ſingular heat with which 


they are accompanied. In Germany they 
are called ablſtein or ftablertz; (as the iron 
got from them could be changed into ex- 


cellent ſteel). as alſo weiſſe, eiſenſpur, pflints, 


and other names: in France they are call- 

ed mines de fer ſpatique, although it muſt be 
confeſſed that they are not always ſpathous; 
and that moreover many which are of a 
ſpathous texture, and loaded with iron, do 


not belong to this claſs, 


(a) The texture of theſe minerals. is al- 


moſt the ſame as that of the calcareous: 


ſtone, yet it is rarely found compact, and 


compoſed of umpalpable particles; it is 


ſometimes ſquamous, ſometimes granulat- 
ed with ſmall diſtinct particles, ſome of 
them ſhining, but in general it is ſpathous. 
We do not ſpeak of them here in their com- 
plete and perfect ſtate; for the figure of 
their parts is more or leſs deſtroyed by 
ſpontaneous calcination, nay, the whole maſs 
is at length reſolved into a powder: ſome- 
times it is found ſtalactitic, fiſtulous, and 
ramous, or even cellular, nay ſometimes ger- 
minating like moſs. 

(3) They are ſometimes, but very ſel- 
dom, ſo hard as to ſtrike fire with ſteel; but 
though 


* 
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though (when found mixed with flint, and 


newly dug up) they are of this kind, yet 


they ſoon loſe that property: in other re- 
ſpects, when perfect, they generally reſem- 


ble calcareous ſtone, unleſs when expoſed : 55 


to the air for ſome time, by which the union 
of their parts is gradually diminiſhed. 5 
(c): The colour is white, but the ſurface 
which comes in contact with the air grows 
gradually brown, or even blackiſh ; yet ſo 
long as the iron, which is converted into an 
ochre, remains in them, they have a ferru- 


3 ginous hue ; but though the ſurface is thus 


changed, the internal parts remain the ſame, 
and upon filing or breaking exhibat as 
natural colour. Fi. 
This change is effected by the air, not 
upon the iron, as is commonly believed, but 
upon the white calx of the manganeſe, 
which is dephlogiſticated by the ſurround- 
ing atmoſphere ; a circumſtance. which it is 
fufficient here to mention, as it will be more 
accurately explained hereafter (§ vII. 6). 
(D) The ſpecific gravity of the ore, when 
perfect, var ies between 3, 640 and 3,810, and 
is diminiſhed according to the degree of eal- 
cination. That ore, whoſe panties ſearce- 
ly cohere, but are quite ſeparated, is from 
2, 5 to 2,9; but that which is not peril 
corroded, from 3,3 to 3,6. 
(2) The ore, whether perfect or ia 
is rarely attracted by the magnet, though 
en N the 
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the martial part ſometimes amounts to near- 


J half the weight. 


8 II, Situation of theſe Ores in n Mountains. 


The white ores of iron are found, but 
very ſparingly, in Sweden: Suartberger, 
(. e. Black Mountain) near Schiſshytta, in 


Dalekarlia, has its name from its ſurface, 


which is grown black by calcination. This 
mountain is high, and naked upon the ſum- 
mit, which is croſſed by a broad calcareous 
vein, with ſhining particles of ſpar, and a 
White ore of iron, together with galena, 
pſeudo galena, and black ore of iron, py- 
rites, ſchoerl, and garnet intermixed. In the 
old mines at Heællefors, or the eaſtern 
mines, the rock itſelf appears to conſiſt of a 
white ore of iron. It is ſometimes found 
alſo in other mountains, but generally either 
in ſmall quantity or very poor in metal. 
Sermany is rich in theſe ores: many 
mountains about Smalkald contain them: 
in that which is called Stahlberger a broad 
vein, almoſt horizontal, occurs from twen- 


ty- five to thirty fathom thick; this conſiſts 
of an irregular ſpar, in which are diſperſed 


quartz, and pieces of the ore, which are 
found of a better quality, in proportion as 
they are more deeply ſeated. The pendent 


fide, which is uppermoſt, is compoſed of a 


fandy- ſtone from nine to twenty fathom. 
_ but the lower, which is the founda- 
tion . 
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tion, is margaceous, and is found more in- 
durated towards the lower parts, and at the 
very loweſt is extruded by a blue mica; the 
ſides ſcarcely cohere to the vein. 
In Nauffavia the whole mountain 8e 
to conſiſt of a yellowiſh ore of iron, certain; 
veins of which are accompanied with . 
per, others with hæmatites. 
In Upper Stiria, at Eiſenarg, is atusted 
Araberg, in circuit 6, ooo fathoms, in dia- 
meter 900, and in height 450: it is de- 
ſcribed by ſome as irregularly accumulated 
and concreted, and as conſiſting of maſſes of 
quartz, charged with argillaceous earth and 
white ore of iron; but others contend that 
the ore is there found not only in 1 2 
alſo in various veins. 


France and Spain produce great quantities . 


of theſe ores. 


The examples above cited ſeem to indi- 
cate that the white ores of iron are found 
ſometimes in heaps, but that they alſo form 
ſometimes veins, ſometimes ſtrata, and 
ſometimes whole mountains. I have never 
found that they contained any organized 
bodies, a mark by which the moſt ancient 


productions of the earth have ben ur 
ee 


4 iv.” Properties of theſe Ores A 
\.._ the Blow Pipe. 4 


Fee with this infiranent PAY | 


though made upon ſmall pieces, yet in ge- 
3 neral 
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neral ſnew the nature of the ſubſtance exa- 
mined with conſiderable certainty, and point 
out the method of treatment proper for 
larger quantities; therefore it is that I am of 
opinion we ſhould __— our experiments in 
wane way. 

(A) The white ore of iron, expoſed to the 
Gate at firſt is apt to decrepitate, and that 
the more violently, as it is of a more oryſ- 
talline texture; ſo that that which is of a 
denſe texture, and whoſe particles are ſcarce- 
ly diſcernible, decrepitates little or none: a 
certain degree of ſpontaneous calcination al ſo 
overpowers: this decrepitating quality. | 
| Another, and a more remarkable effect 
of the fire, is a ſudden change of colour: 
the whiteneſs on changes to a brown, 
which quickly gives place to a blackneſs, 
which cannot be diſcharged even by violent 
and long-continued heat. 

A piece of the ore, when blehandes: by 
the fire, is always attracted by the magnet, 
although, as is frequently the caſe, it had 
not been «obedient to it before. 

But the ore alone is not fuſed without 
grert difficulty, though the fire be violent 
and Jong continued. Upon fuſion it again 
eludes the force of the magnet. 

(B) A ſmall portion, added to a globule 
of microcoſmic ſalt in fuſion, is diſſolved 
with more or leſs efterveſcence, and imparts 
an ee that ws a RNS or a yel- 
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lowiſn brown, which upon cooling grows 
weak, and at length entirely vaniſhes.  _ 

When the globule, after cooling, 1 is again 
ſoftened, not by the interior and blue cone 
of flame, but by the exterior and leſs 
defined part, a red colour is generated, 
Which alſo ranting upon cooling; this is 

made more diſtinct by the addition of a ſmall 
piece of nitre, but upon cooling is weak- 
ened. Fuſion by the blue cone, continued 
for ſome time, extinguiſhes the redneſs, ſo 
that the iron tinge appears: in this way the 
red colour may be many times Nad c 
N and renewed. 

When the globule is ſuperſaturated with 
the falt, upon cooling it grows  apake, 
white or black, according to the different 
quantities of Ale calx and the iron; and in 
the latter caſe it ſometimes en a me- 

tallic ſplendor. 
A variety in the proportion of the e 
_ ciples occaſions great changes in the phæno- 
mena ; — thus the original efferveſcence is 
both more viſible and more durable when 
the calx abounds. When the iron is defi- 
oient, its colour can fometimes ſcarcely be 
diſcerned; and when the quantity of man- 
ganeſe is very ſmall, and that of iron | 
the redneſs ſcarcely appears * che 
dition of the nitre. 

(c) The white ore of iron is  diffolved.; in 
the Game. manner by borax, viz. the effer- 
SO veſcence 


2 
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veſcence is more or leſs conſpicuous, een 
ang to the quantity of calx. _ 

The vitreous globule frequently achilires 
an obſcure reddiſh yellow colour, which yet, 


upon the continued application of the blue 


cone, is totally deſtroyed, the martial tinge 
remaining: but by nitre, or by ſoftening 
alone; which is effected by the exterior cone, 


the hyacinthine colour above mentioned 


again appears. Theſe changes may be Pro- 
duced at pleaſure. 


By ſuperſaturation the nene 1 


* black or white. 


(D) The mineral alkali fuſed in a filver 


ſpoon takes up the ore with an efferveſ- 
cence more or leſs remarkable, yet divides 
it but little, nor is the milky-globule ren- 
dered brown, unleſs by a larger addition, 


* 


and a longer continued fire, and then it 


ows black. 
- (=) Theſe experiments ſhew that the ore 


contains lime ſomewhat ſiliceous, iron, and 


manganeſe; and although theſe ores may 
appear to many of little conſequence, yet 
they have diſcovered to me a new metal, 


which by other means could not be diſco- 


vered. The properties of manganeſe, here- 


after explained ($ viI.) will illuſtrate this 
ann more fully. | 


8 v. Pro- 


4 
LA 


% 
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dv. Prep iie- f 10 Ore Andes hy 
the Via Sicca. © 


We 100 Sith finely. powdered, ad ex⸗ 
poled upon a tile to the fire, grow quick- 
ly black, and become obedient to the mag - 
net; in this experiment ſometimes red 
ſpots appear here and there, occaſioned by 
the admixture of pyrites. An heat of two 
or three hours occaſions a loſs of weight 
different according to the variety of the 
ore; the loſs is at the leaſt 15, and at the 
moſt 40 aſſay pounds: by a longer continu- 
ance of the heat the loſs is not increaſed; 
nor does the black colour diſappear, nor are 
any ſigns of fuſion to be obſerved. 4 
On calcination, no ſmell is e : 
unleſs there be an admixture of ſome Pv 
ritous particles. 

When the pieces are fafficiently roaſted, 
and after cooling put into water, they often 
generate heat, and form a ſort of lime 

| water, | . 

(z) In order to Wu this natdire of tho 
fubflariee expelled by. fire, 100 of the pul- 
verized ore was put into a ſmall retort, to 
which was adapted a receiver, which by 
a lateral tube conducted the elaſtic fluid into 
a glaſs veſſel full of water, and inverted; 
the fire. was then gradually increaſed, until 
the bottom of the retort began to grow ſoft; 
in the mean time a ſmall quantity of liquor | 

_ You, II. 6 © was 
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was found in the retort, but in the inverted 
glaſs a large quantity of elaſtic fluid. | 

The liquor in the receiver was found of 
an aqueous nature, but for the moſt part fo 
fmall in bulk as ſcarcely to be collected, 
feldom ſo much as o, 1, and never e 
ing 0,2. The ore, when perfect and cryſtal- 
Iized, uſually yields a little more water than 
when broken down by ſpontaneaus calcina- 
tion, or when naturally denſer. 

The elaſtic fluid, pe 5 confined by mer- 

cury, ſometimes occupied 30 cubic inches, 
but was generally leſs: on examining this 
it was found to be moſtly abſorbed by wa- 
ter, and to communicate to it a pungent aci- 
dulous taſte, together with the property of 
making the tincture of turnſole red. It pre- 
cipitated lime- Water, extinguiſhed flame, 
and deſtroyed animal life: theſe proper- 
ties ſhew it to be the aerial acid; the por- 
tion which remains and refuſes to unite 
with water, is common air, which doubtleſs. 
was at firſt contained in the retort. When 
the aerial acid is ſeparated by water, a 
cics of deflagration takes place; yet it could 
be obſerved that inflammable air is almoſt 
always abſent. 

The black reſiduum in the retort, though 
it be not ignited, 1s ſometimes attracted 95 
the magnet. | 
(c) This ore, pulverized and — upon | 
hot coals, exhibits a kind of Rooney ap- 


n which is * e 95 
but 
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but when expoſed to fire alone in à cloſe 


crucible, it quickly liquefies, and perforates 


the bottom. This effect is occaſioned by 


the calcareous earth in the ore diffolving 
the filiceous and argillaceous earth of the 


" veſſel: theſe three, when mixed, eaſily flow, 


and beſides, the calxes, both of iron and 
manganeſe, which are here preſent, | hs 
the vitrification very much. 

(Dd) The powder, let fall into nitre, 
fuſed and ignited, ſhews no diſtinct detona- 
tion, but a crackling is heard. 


(E) I have attempted the reduction of 7 
| theſe ores by many different ways, but it is 


only neceſſary to mention thoſe which are 

particularly uſeful in the extraction of 
iron. 

I The firſt, 1 ais and in many aka 

the beſt, is this: - the bottom of a cru- 


cible is covered, to the thickneſs of about 
half an inch, with powdered: charcoal; this 


vyder is er with water, W 
with a ſmall portion of argillaceous earth, 
ſo that upon compreſſion the particles may 
the better adhere together, and to the eru- 
cible; the ſides are lined in the ſame way, 
but thinly. The ſuperficies of the ſtratum 
ought to be rather concave, ſo as to receive 
in the lower part 100 of pulverized ore, co- 


vered with calcined borax; for that WR | 


_ ſtill retains the water of cryſtallization u 
on boiling, diſperſes many partieles of the 


— 


ore; finally, another crucible is to be in- 


0 2 verted, 
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verted; and luted on, and the whole he's er 
to a proper fire. 

The ſecond method is this :—100 of the 
ore, mixed with an equal weight of mineral 
fluor, and half of apyrous clay, is put into a 
crucible, prepared after the manner above 


 . deſcribed, and treated in the ſame way, but 


without the addition of borax. _ | 
The third is directed by D. Scheffer. —to 8 
rt of ore are added 1 of tartar, r of 


een ac 1 of glaſs, 1 of white, and 2 
of black flux; the mixture is put into a 


_ crucible prepared. without lining, and ſhut 
- _ before. 34 


The fourth, which bw been long in uſe, 


| is deſcribed by Snack, and is preferred ro all | 


others by D. A. Swab, although it is very 
complex :—to 100 of the ore are added an 
equal weight, or 100 of ſal ammoniac, 100 


of tartar, 100 of glaſs gall, 50 of borax, 50 


of charcoal-duſt, and of black flux 200; 
the mixture, put into an unprepared crucible, 
is covered with common ſalt, and, being co- 
vered, expoſed to the fire. 
In order to compare theſe different me- 
thods, with reſpect to the white ore of iron, 
I treated different portions of it accordin 
to all the different methods, and that with- 


out previous calcination, which in this in- 


[ſtance is of no effect. That which I tried 
was a ſpathous fruſtum, not yet injured by 


calcination, brougat from Eiſenartz, in Up- 


1755 W 7 


i f . | 2 | 4 Of 
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Of this 100, according to the firſt me- 
thod, yielded of a regulus nearly of 1b. 
the ſplendor of filver - - 42 

According to the ſecond, of a regulas 3 

of an aſh colour ' . 39 

By the third, a regulus of an aſh colour, 

but nearly CO on the ſur- 
face | = | 294 

By the fourth, of a begun almoſt 
white and ſplendid - ai to bb 


I found nearly the ſame pb to |hold 
with the ore of Naſſau, and with the other 


ores, examined in the ſame way : in general 
the weight of the regulus never attains to 


50, but is often 30, 20, 10, nay even ſome- 


times no more than 2, though the ore has 
been made black by roaſting, and is at- 
tracted by the magnet; but hereafter it will 
be demonſtrated that the blackneſs by fire 
is not occaſioned by the iron, but by man- 
ganeſe, The pureſt calcareous ſtones are 
{ſeldom entirely without iron. The clear- 
eſt Iceland ſpar grows red by long calcina- 
tion ; and even by the humid way yields its 
metal to phlogiſticated alkali. 
The ores which are ſo poor as not to yield 
a regulus without difficulty, are uſuall 
brought to that ſtate by a ſmall quantity of 
white arſenic, or rather of - litharge ; for by 
this method the ſcoria is made thinner, ' and 


the ſmall globules permitted to ſubſide and 
collec, 5 
0 3 ' vr. Pre- | 
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| 8 VI, Properties of theſe Ores, examined by 
ISIS greg ds Way. | 


(a) The white ores of iron efferveſce 
indeed with acids, but in general more 
weakly than the calcareous ſtones ; and ſome- 
times no motion is obſerved, unleſs pulveri- 
zation and heat be both employed. That 
calcareous earth is preſent will appear from 

what follows; but the reaſon why it only 

_ efferveſces ſlowly, is to be ſought partly in 
its proportion, and partly in its intimate 
connection with the other principles. 5 

(3) All thoſe acids which are uſuall) 
called mineral diſſolve this ore, if it be al 
pulverized, and a due degree of heat applied. 
The ſolution made by vitriolic or marine 
acid is generally of a yellow green ; that by 
the nitrous of a red or yellow brown ; the 
marine acid diſſolves it ſooner than the reſt ; 
theſe colours vary a little, in proportion 

"to the quantity of metallic parts. Sometimes 
a brown redneſs at firſt appears, which then 
_ vaniſhes, but ſometimes perſiſts, unleſs ſu- 
gar, or ſome ſubſtance rich in phlogiſton, be 
added. | 1236-6 WOT” 

Almoſt always ſomewhat remains undiſ- 

_ ſolved, which yet, upon examination, ap- 
6 to be of a different nature. I have 
frequently ſeen grains of ſchoerl, zeolith, 
quartz, mica, nay fibres of aſbeſtos inter- 
mixed: but theſe are foreign matters, 

| | which, 


— —— — — * 
1 bs 
— 


— rr _ — 
Y <1 ta S. 4 6. 2 7 8 6 ti 
> Ea 2 . q i 8 . I e m 4 „„ - N 
2 rr — — F | - 
— P * — — 1 = 4 — — = — 

RN 8 — * ry _— 8 — * et — — FA = 2 * 
= 6 — — — ——— — — . — Cr — 2 — a — © — - 

« £ 4 A — 2 _ > - = - — 0 * - ba 


aw 


OF THE WHITE ORES OF JRON, | 199 


which, although they ſometimes form above 
O, 2 of the maſs, yet are not a neceſlary c com- | 
ponent part of the ore, 

The ſolution made by vitriolic acid, upon 
as roi bog green martial cryſtals ; ; 
and that made in marine acid, without heat, 
ſometimes by ſpontaneous evaporation con- 
cretes into ſpathaceous forms, compoſed of 
hollow pyramids.  \ | 

(c) 5 the ſolution an elaſtic va- 
pour eſcapes, which, when extricated by 
vitriolic or marine cid. is not inflammable, 
even although the crude ore be attragted 
by the magnet. 

The quantity of water is eaſily diſcovered 
by performing the operation in a large bot - 
: tle, cloſed ſo as to give exit to the elaſ- 


tic fluid, but not to the moiſture ; for the 


diminution of weight in this. caſe indi- 
cates only the volatile aerial fluid, whereas 
the loſs ſuffered during calcination ſhews 
the weight both of the elaſtic fluid and of 
the water. 

. (D) As the various qualities above men- 
tioned indicate the preſence of lime, I at- 


tempted to ſeparate it in the following 


way :—let a portion of the pulverized and 
calcined ore weighed, be put into diluted 
nitrous acid, and let the mixture be ſhaken 

for a quarter of an hour; after which let the 
: karg be collected on a filter, and the clear 

iquor precipitated with aerated fixed alkali- 
by this method a white ſediment was ob- 
O 4 tained, 5 
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tained, which upon examination ſhewed all 
the properties of lime. I employed the cal- 
eined mineral, and the nitrous acid, leſt any 
thing metallic ſhould be taken up during 
the ſhort agitation, otherwiſe the. end 
might be anſwered by the marine acid; but 
then it 1s neceſſary, in evaporating t the folu- 
tion to dryneſs, to expoſe it to a more in- 
tenſe heat, that the diſſolved metal may be 
ſpoiled of its menſtruum, for the lime 
' Tetains the menſtruum more obſtinately ; 
hence, after this operation, the falited lime 
may be elixated from the refiduum by: Wa- 
ter, and precipitated by an alkali. 
- The weight of lime varies much; in ſome - 
ores I found a few hundredths ; in the ſpa- | 
thaceous kind about 0,1 conſiſts of lime, i in 
others o, 5, but it is never entirely wanting. 
(z) Into a ſolution of the ore made with 
the pureſt marine acid, I poured a few drops 
of ſolution of terra ponderofa i in the ſame 
menſtruum, but the "tranſparency was not 
in the leaſt diſturbed ; from whence I con- 
clude, that there is no vitriolic acid pre- 
Net. - 
(7) The ame! is true of the marine acid; 
for J examined the ſmall portion of water 
expelled ſolely by heat in the diftillation 
(S v. B); and 224 not, even by paper ting 
ed with turnſole, diſcover any traces of an 
acid: I alſo poured concentrated vitriolic 
acid upon the powdered ore in a retort, and 
pw Ge receiver a 5 quantity of diſtilled # 
water,. 
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water, as water very greedily attracts the 
marine acid in a ftate of vapour; but neither 
by the ſmell, by any viſible vapour, nor by 
precipitants, could I diſcover the ſmall 
eſt ſigns of a- mineral acid, unleſs the heat 
was increaſed to ſuch a degree as to force 
over ſome of the vitriolic acid. The water 
in the receiver was not at all diſturbed by 
ſolution of ſilver, although, upon touching 
it with the end of a glaſs rod wet with ma- 
rine acid, the filver was immediately pre- 
; Cipitated, and a white ſediment ſeparated; 
'T conclude therefore with reaſen, that 
the vitriolic and marine acids, if they ſome- 
times happen to be preſent, do not belong 
to the proper compoſition of the ore; and, 
in fact, how could the aerial acid exiſt to- 
gether with theſe, being eaſily expelled by ; 
either of them ?—and how could the marine 
acid, which with lime and iron forms deli. | 
queſcent ſalts, in this caſe form with them 
an ore which not only remains dry in the 
open air, but eyen undergoes by I 
einde ? | | 


F vin. Priebe Properties ” Mabe 


I have hitherto frequently named manga» 
neſe, and mentioned ' ſeveral circumſtances 
which cannot be properly underſtood with- 
out previouſly conſidering its nature. It is 
neceſſary therefore, before we proceed fur- 
ther, to deſcribe the principal propre wh 

1 
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this ſubſtance, ſo far as they bave hitheria 


* deen diſcovered. 


(A) The e fabtanco e is at; 
6d black, or glaſs- makers, magneſia, is ſcarce- 
ly any thing more than the calx of a new 
metal. 
It is many years ſince I began to ſuſpe& 
that ſome metal, different from all thoſe for- 
merly known, lay concealed in magneſium, 
b partly led to this opinion by the ſpe- 
cific gravity, partly by its property of ting- 
ing glaſs, and partly by its ſeparating from 
menſtrua on the addition of phlogiſticated 
_ alkali, a circumſtance which takes place 
with all the metals, but not with any earth, 
In the mean time I attempted the reduc- 
tion of it in various ways, but in vain; for 
either the whole maſs ran into ſeoriæ, or I 
obtained only diſcrete ſphzrical atoms, ſo 
much loaded with iron as to be magnetic; 
On account of its being ſo difficult of fu- 
. on, I at firſt imagined it had ſome affinity 
with platina ; at length Mr, Gahn, without 
| knowing any thing of my experiments, ſuc» 
- ceeded in obtaining larger pieces of regu- 
lus by means of a moſt intenſe heat; and 
Mr. $clicels, i in 1774, publiſhed ſeveral cu- 
rious facts relating to manganeſe. —The 
principal things reſulting from the experi- 
- ments of theſe gentlemen, and from my 
, own, ſhall be the —_ > che e 


dagen. 
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459 The reduction ĩs effected in the fol- 


: Jowing way ;—a certain quantity of manga» 


neſe, {Bis with oil or water into a ball, 
is put into a crucible prepared with char- 
coal-duſt, as before deſcribed ($ v. E), the 
empty ſpace js then fjlled up with char- - 


_ coal-duſt ; another crucible is inverted by 
way of cover, and luted, and the whole ap- 


. xpoſed to the moſt intenſe heat 
knich the the ih laboratory can produce, for an 
hour, or more. if neceſlary. The veſſels be- 
ing cooled and emptied, a regulus is form- 


ed, ſometimes conſiſting of many pieces, 
| which, collected, in ſome caſes amount to 
o, 3 of the manganeſe. 


If the fire be weaker than . odor 


no reduction takes place, or 1 metallic 


particles are diſcrete, not being ſo fuſed as 


to run properly together. If during the 
operation the crucible falls, ſo that the me- 


tal ſnall touch the naked ſide of the veſſel, 
vitrification 1 is ineyitable. 

(c) The metal obtained, which 1 . 
manganeſe, is about the ſpecific nn” 
6,85 o. 

6 The ſurface is avail brown, cd; the 
larger pieces of regulus are ſcarce ever found _ 
globular, but — and irregular, which, - 


no doubt, is owing to the difficulty of fuſion, 
in which it ſeems al en even —_— 
iron. 1 


Being harder tw iron, it breaks Ander 


thy ert the fracture is irregular and 


5 rough, 
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rough, with a ſort of whitiſh metallic ſpten- 


dor, dich ſoon ſpontaneouſly grows brown : 


even the ſmaller pieces are not magnetic; 


but the powder is generally obedient to the 
magnet, though the admixture of iron be 


ede all poſſible care. 
Some ſmall pieces, expoſed to the fire in” 


an Heſhan crucible, in a blaſt- furnace, and 


kept there for twenty minutes, yielded a yel- 
lowiſh brown glaſs, and a ſmall globule of 
iron. Here a remarkable difference between 
the two metals is obſerved, the manganeſe 
vitrifies, the iron perſiſts, and is formed in- 


to a regulus. 


The regulus, when well fuſed, generally 


perſiſts in a dry place, but ſometimes under- 


goes: ſpontaneous calcination, and falls into 
a browniſh. black powder, which is found 
ſomewhat heavier than the perfect metal; 
yet, when freſh, contains ſo much phlogiſ- 


ton as to produce inflammable air, on ſolu- 
tion in vitriolic acid: this phlogiſton it 
loſes by time. The cauſe” of this ſpon- 
taneous reſolution is not yet ſufficiently ex- 
plained; but it appears very probable, that, 
on account of the weakneſs of the fire, the 


icles ſometimes coaleſce ſo imperfectly, 


| that when the dephlogiſtication again begins, 
they cafily loſe their mutual connection: 


moiſture, but particularly the acceſs of aerial 


acid, aſſiſts this operation. A ſmall piece, 
put into a dry bottle well corked, remained 


f Oye for the To of ſix months, but 


afterwards, 


5 
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afterwards, expoſed to the open air af a 


chamber for two days, contracted a brown= 


neſs. on its: ſurface, together with ſo much 
friability as to crumble. between the fingers: 
the internal parts, however, retained an ob- 
ſcure metallic ſplendor, which diſappeared 
in a few hours ;—a piece more fully im- 
pregnated with iron reſiſts the action of _ 
air better. 

: (Dd) It tuck Kadir wich ache nous; 
pure mercury excepted. Copper, united 


with a certain quantity of it, is extremely 


malleable ; but upon the ſurface of- this 
mixture, when poliſhed, ſcarce any traces 


of the red colour are to be ſeen: this mix— 


ture ſometimes by age produces a green ef- 


floreſcence. Tin very eaſily unites with 


manganeſe; but zinc not without much 


difficulty, perhaps on account of its vola- 
tile and inflammable nature. White arſenic 
adheres to it, and by means of e | 


reduces it to a metallic form. 5 
() Manganeſe, calcined by fire, yields 2 
blackiſh calx; but if the ignition be con- 


tinued for twelve days it acquires a dark 
green colour; ſometimes alſo it produces a 


white or a red calx, of both which we ſhall 
treat ſeparately (). The black calx retains 


a very {mall portion of phlogiſton, but the 


white abounds with it ſo much nd? it is 
ſoluble in acids. 1 


1 


All theſe varieties, in a common cruci- 
ble, by means of a ſufficient degree of fire, 
4 | | Wy 1 0 run 
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run into a yellowiſh red glaſs, which is 


pellucid, unleſs too great a degree of thick - 
_ renders it impervious to the rays of 
lght. . 

The black calx of manganeſe by a pecu- 
liar energy, when mixed with other ſub- 
ſtances, atttacts phlogiſton, and exhibits ſe- 


veral remarkable phænomena both by fire 


and ſolution ; the chief of which we "halt 
_ conſider, beginning with thoſe 2 e. 
in fuſion. 

(r) In order to e the ine vs 
bits of this ſubſtance, we muſt employ the 
blow-pipe ; for, by means of this inſtru- 


ment, we can diſtinctly ſee all the ſuccef- 


tive. changes occaſioned by fire, from the 
beginning to the end. 

Let a globule of ae eme falt be fuſed 
upon the charcoal, and to it be added a ſmall 
portion of the black calx; let this mixture 

be fuſed, by means of the interior blue flame, 
for a few minutes, and it will yield a bluiſh 
red pellucid glaſs; but if the quantity of 
calx be greater, it is of a rich red. Let it 
be again fuſed, but for a longer time, and 
we ſhall find the tinge totally deſtroyed. 
Let the globule, which is now colourleſs, 
be ſoftened by the exterior flame, and the 
colour quickly returns, and may be again 
diſcharged by continued fuſion. The ſmall- 
eſt particle of nitre too, added to the glaſs, 
inſtantly reſtores the red colour; whereas 
9 W the ſalts nn 93 —51 
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acid; contribute to diſcharge it; as alſo do 
the metallic calxes, although theſe, in proper 


quantity, communicate each its own Parti- fy. 
_ cular colour. 


The glaſs globule, after bang deprived N 


of all colour, if fuſed in a filver ſpoon. re 
covers its redneſs, which it retains” york: 
withſtanding a long continued fuſion; in- 


ffammable additaments indeed extinguiſn 


the colour, but this is eaſily reſtored by fu - 
ſion, nor can it again be eee e a 


a new addition, 


Theſe changes are ane to che e. 
and of themſelves very remarkable: u 
conſidering the whole, it will 0 
pow that the cauſe of them is to be | 

the different quantities of phlogi — : 
— us firſt examine the moſt ſimple caſe: 
the globule' of microcoſmic ſalt fuſed, con 
fiſts of the phoſphoric acid only, partly ſas 
turated with mineral alkali; the diſengaged 
part muſt therefore neceſſarily attract phlo- 


giſton from the 1gnited charcoal, which is 8 
again taken from it by the calx of the man- 


ganeſe: now this calx, by a certain degree 


of phlogiſton, is reduced to ſuch a ſtate that 


it exhibits no tinge, almoſt in the ſame man- 
ner as the ſeven primitive colours when 


collected form the light. of day, at once 


white and tranſparent; now, whatever des 
phlogiſticates the glaſs, deprived of this 
tinge, reſtores the redneſs, a this is effected 
CATE 4-1-4 hel 

8 1 eſe 


bu " 
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fg} 
| a \ Theſe changes. cannot take place in the 


| | ES filver ſpoon, becauſe in this caſe the ſupport 


$3 does not ſupply any phlogiſton, and there- 
2 fore the colourleſs globule fuſed upon it is 
+3} Auickly deprived of the quantity of phlo- 
= - giſton it had before imbibed by the fur- 

„ rounding air —a loſs which in this inſtance 
aeuannot be repaired, and therefore the glo-; 
| bule continues: red, | 


0 Ihe additaments capable of deſtroying the 
—_ er are fach as naturally contain phlo- 


JIU giſton, ſuch as ſulphur and white arſenic ; or 
23% at leaſt ſuch as eaſily take it up from the 
Fr coal; ſuch as gypſum and the other ſalts 
BEE. \ eontaining vitriolic acid, which thus readi- 
, ly run into ſulphur. The metallic calxes 
bj!  _- too are of ſuch a nature that they take phlo= 
Fr  _ giſton from burning charcoal, which they 
Lt are immediately obliged to give up to the 
18 cealx by means of its ſuperior attraction. 
372 The phznomena above deſeribed and ex- | 
3:3 __ plainedallo take place with borax, but with ; 
FI — . ſome difference: the colour with microeoſ- , 
EE mic ſalt is a bluiſh red; that with an e | 
1 auantity of borax, a yellowiſh red; but in 
72 both caſes, by ſaturation, the fame intenſe 
q | | ted is obtained. By fuſion upon charcoal 


800 the tinge is not deſtroyed fo ſoon in the 
FIT latter caſe, as borax attracts ohlogiſton with 
{ leſs force than the phoſphoric acid does, 
If a ſmall quantity of calx of manganeſe 
be added to an alkali, either vegetable or 
1 ae. 4 in a _ ſpoon, and the fre 
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| e for a few minutes, the globule 


ſoon becomes of a whitiſh blue; or, if any 


iron be preſent, it acquires a green tinge; by 
a larger quantity the colour is made more 


intenſe, even ſo far as to appear nearly 
black; but the maſs fuſes lowly, and, by 
being marked with ſpots, ſhews an unequal - 


_ diſtribution. - If to the fuſed maſs be added 


either powder of charcoal or white arſenic, 


the calx of the manganeſe. is phlogiſticated 
and the colours periſn; hence it appears 


why common cryſtalline glaſs grows red by 


the admixture of manganeſe ; but if the al- 


kaline falt been in it, it contracts a violet 


colour. 
Nitre fuſed in the ſoon fows abies bats 
added in ſmall. quantities to the alkaline 


- ſalt, does not deſtroy its globular figure: in 


this caſe the colour is changed- to green by 
the addition of a ſmall quantity of calx of 


manganeſe, on account of the calcined 1 iron 


reſent in the blue mals. 
Many of theſe changes take place it in a 
eee but not all: the red glaſs indeed, 


upon the addition of powdered charcoal, ef- 


ferveſces, and is deprived of its tinge; but 


the ſalts containing vitriolic acid, and the 


ignoble metallic calxes (except. white arſe- I 


nic, which eaſily yields its phlogiſton) are 


of no effect; for although the veſſel be red 
hot, neither the acid nor the calxes are 
2 ſufficiently loaded with phlogiſton, 
r that portion which they naturally con- 

Vol. II. | tain, 
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tain, in this caſe is not ſeparated; the con- 


tact of ignited coal is neceſſar r. | 


- Theſe things being known, it will not be 
difficult to explain the uſe of manganeſe in 


the purification of glaſs; for the iron, which 


contaminates a vaſt number of bodies, ad- 
heres not only to the alkali, but to the ſili- 


ceous earth of which the glaſs is compoſed. 


Now this metal, in order to enter the tex- 


ture of glaſs, muſt be deprived of a certain 


quantity of phlogiſton ; the great quantity, 
however, of that principle with which it is 
capable of entering glaſs, produces a green 


colour in the ſame way, as by ſolution in 
acids (particularly the vitriolic) it produces 


2 green vitriol : yet this falt, on being re- 
peatedly diſſolved, ſucceſſively loſes more 


and more of its phlogiſton, for that reaſon 


grows-pale, and at length is changed into a 


browniſh red lixivium, which refuſes to 


cryſtallize. If now ſo great a portion of 
manganeſe” be added by fuſion to glaſs, that 


on the one hand the phlogiſton occaſioning 


the green colour may be abſorbed, and on 
the other by means of that phlogiſton the 
calx be deprived of all colour, we ſhall have 


a glaſs colourleſs as water. Too great a 


proportion of manganeſe. will impart its 


dyn colour, too ſmall a one will leave a part 


of the original green in the glaſs : the lat- 


ter exceſs, however, is preferable to the for- 
mer, for a very flight degree of green is not 
perceptible in glaſs, unleſs when it is ſo hot 


; 
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as almoſt to liquefy; and this, upon cooling, 
becomes again entirely inviſible. But the 


iron, if too much dephlogiſticated, commu- 
nicates a yellow hue, which cannot be re- 
moved by the calx of manganeſe, but like 

the green when weak, can only be perceived 


in the glaſs while hot. 

(o) The habits of manganeſe, examined 
by ſolution, confirm and illuſtrate the for- 
mer experiments. 05 

The vitriolic acid, even when concentra- 
ted, attacks manganeſe in its metallic form, 
but much better when diluted with double 
or triple the quantity of water: innumer- 
able bubbles ariſe, which when collected 
are found to be inflammable. It is diſſolved 
more ſlowly than iron, and leaves behind a 
black ſpongy ſubſtance, of the ſame figure as 


the metal; a ſmell is perceived ſimilar to 


that occaſioned by marine acid with iron : 
the ſolution is colourleſs, like pure water ; 
and upon evaporation depoſits very bittes' 
ſpathous cryſtals, which are clear and co- 
lourleſs; but on the addition of alkali lets 


fall a white precipitate, which we formerly 


called the white calx of manganeſe, and is 
OV! to be more accurately examine. 
It readily appears that this white calx of 
— — or more properly white .acrated 
manganeſe, is not ſaturated with phlogiſton, 
as it wants the reguline form; and that regu- 
lus of manganeſe during ſolution is depriyed 


Is od a portion of its sies. is the leſs 


P 2 doubtful, ; 
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* doubtful, as it is certain that during that pro- 
| | _ © ceſs inflammable air is generated. This calx 
= however retains preciſely that quantity which 
; 1 is neceſſary to render it ſoluble in acids; and 
I when this portion is diſſipated by a white 
het in open air, the calx grows black, and 
32; aſſumes the properties of the black calx, 
| | which we have been confidering. Here we 
14 muſt obſerve, that a ſolution of manganeſe, 
1 much diluted, although with aerated alkali 
| | it affords a white precipitate, yet with the 
cauſtic alkali yields either at once a brown 
| calx, or one which ſoon grows black in the 
.| open air; the reaſon is this :—aerated alkali 
" yields the aerial acid to the falling calx, as 
*  _ is eaſily ſeen from the increaſe of weight, 
wt the efferveſcence of the precipitate with 
| acids, and by pneumatic diſtillation: but 
2! In this caſe the acids fix the quantity of 
1 Phlogiſton neceſſary to ſolution, as is ſeen 
1 from hence, that the pure air contained in 
the atmoſphere or in water, although ex- 
EE tremely greedy of this principle, is yet in 
{if this caſe not able to ſeparate it. But the 
= White calx is eaſily taken up by all acids, 
$2 1 and does not at all tinge the menſtruum, 
} | unleſs it be ſenſibly mixed with iron: it 
LH follows naturally that the calx, precipitated 
FIN by aerated alkali, ſhould efferveſce with 
14 acids; it is alſo to be obſerved, that the 
_ whiteneſs is the more perfect as the quantity 
pf iron is leſs, as this foreign admixture ſul- 
lies the colour by a yellow or a brown. 
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We now proceed to the calcined black 
| manganeſe: : this, when either old or well 
calcined, is only taken up in ſmall quantity 
by boiling in vitriolic acid; nevertheleſs, 

if the menſtruum be added by ſucceſſive por- 


1 tions, each of which renders a little ſoluble, 


it may be gradually ſaturated; and then, with 
aerated alkali, depoſits a white calx: this 
ſeems to indicate that the calx, though de- 
phlogiſticated, yet poſſeſſes a ſmall quantity 
of phlogiſton, which is inſufficient for the 
ſolution of the whole; notwithſtanding” 


which, the menſtruum may be ſufficienthy _ 


laturated by ſuch particles as lie next ad- 
joining to it: theſe, by means of the acid, 
are capable of taking the neceſſary phlogiſ- 
ton from the more remote, if the number 
of them be ſufficiently great to ſupply the 

quantity of phlogiſton which is requiſite for 
ſolution. 

A ſingular tranſlation we have already | 
found to take place in the via ficca; and 
that the ſame is the caſe, the bind 
ces now to be related will put beyond all 
doubt: — the calx thus exhauſted altogether 
rejects the vitriolic acid, unleſs ſome ſub- 
ſtance charged with phlogiſton be added, 
which phlogiſton is, by means of the acid, 
transferred to the calx; thus, upon the addi- 
tion of ſugar, honey, gum, or other ſuitable 
ſubſtances, the ſolution may be promoted 
and compleated. Such of thoſe ſubſtances 
AS N the abſtraction of their phlogiſton 
1 1 3 1 OY | 
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- periſh (namely organic bodies) leave no 
other veſtige of themſelves in the ſolution 
than the phlogiſtication above mentioned. A 
ſfimilar effect is alſo produced by the metals, 
not only the imperfe&, but, what is very ex- 
traordinary, even by gold itſelf : this eſpe- 
cially takes place in the marine acid, but in 
all caſes the metallic calxes are eaſily found 
in the ſolution. We have ſaid that phlogiſton 
is eaſily transferred, by means of the acids, 
to the black calx; and that this, when loaded 
with plogiſton in proper quantity, is diſſolv- 
ed; and this we have affirmed not without 
reaſon, for the calx, when boiled with ſugar 
diflolvedin water, is not ſupplied with phlo- 
giſton, nor 1s the ſugar changed, but remains 
complete; and when it is ſeparated by lotion 
the calx is found inſoluble as before: but 
if an acid be alſo added, by its means the 
calx takes up quickly as much phlogiſton 
as is neceſſary to make it ſoluble; nay, the 
| phlogiſticated vitriolic acid, when poured 
upon the calx, ſoon loſes its ſmell, and diſ- 
ſolves it readily without any affiſtance. 

Another method of folution has alſo been 
found out, which clearly ſhews the great 

attractive force this calx poſſeſſes with re- 
ſpect to phlogiſton : thus, let the vitriolic 
acid be drawn off from the black calx ſeve- 
ral times with an heat approaching to ig- 
nition, in a glaſs veſſel, either open or ſnut; 
after each operation let the ſoluble part be 
| elixated with water, and at 4 a 
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VPoi.ill remain: from whence then is derived 


the phlogiſton neceſſary for ſolution? I an- 

ſwer, from the decompoſition of the matter 
of heat, which conſiſts of pure air, joined to 
a determinate quantity of phlogiſton; In 
order to ſhew that this is not bare conjec< 


ture, let the operation be performed in a 


cloſe veſſel to which'is adapted a pneumatic 


apparatus; and towards the cloſe of the pro- 


ceſs pure air is copiouſly produced, which 
is extricated while the phlogiſton is uniting 
with the calcined manganeſe. The calx is 
indeed of itſelf capable of decompoſing the 
heat, but cannot be rendered ſoluble without 
acids: if the acid, a little diluted, be drawn 
off only to dryneſs from one half its weight 
of black calx, water is able to take up by 
elixation upwards of one fourth of the 
calx: this water is of a beautiful red, and 
on due evaporation yields cryſtals of the 
ſame colour; this tinge indicates a deficien- 
cy of phlogiſton, a deficiency which, as has 


been already ſaid, may be ſupplied either by . 


continuing the abſtraction to ignition, or by 
ſome ſuitable phlogiſtic additaments. 
We have hitherto only conſidered the 
white and the black calx ; it is proper now 
to beſtow ſome attention upon the other vas _ 
rieties : that which is produced by the ſpon- 
taneous calcination of the regulus is at firſt 
of a duſky colour, but in the open air grows 
more brown; and in about fourteen days the 
weight is increaſed by o, 35, and is again 
2 4 diminiſhed 
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1 diminiſhed a few hundredths, on expoſure to 
i, 5 heat. The humidity which had been at- 
| trracted from the atmoſphere being now ex- 
| þ pelled, this calx, in proportion as it is more 
1 newly made, and leſs. expoſed to fire, is the 
3 K fricher in phlogiſton, and is the more quick- 
| | Iy diflolved in vitriolic acid, with which it 
1 produces + a bluiſh: red colour: this ele- 
gant tincture, gently precipitated by means 
of aerated alkali, at length ſhewys ſome red 
| particles ſubſiding, which yet, collected on 
. 24 filter, grow brown. It appears very pro- 
buable that the red calx forms. a ſort of me- 
dium between the black and the white, be- 
1 ing more ſoluble than one, and leſs ſoluble 
i than the other; and that the colour indi- 
1 | cates the imperfect ſtate of the ſolution, for 
h by the addition of ſugar it is diſcharged in a 
few minutes: to this claſs, doubtleſs, be- 
long the red and brown ores of manganeſe. 
* he particles enveloped in tranſparent ma- 
| 5 trices afford very beautiful ſpecimens, more 
1 or leſs pellucid: thus the red ſpathous ore 
N which is got at Klapperud, in Dalia, is found 
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| © filled with zeolith; fo that a ſmall piece, 
- gradually put into an acid, is ſpoiled of the 
| ted calx, from the ſurface ſucceſſively in- 
149 wards to the center, though the original 
— 1 form and magnitude remain: the remainder, 
upon examination, is found totally filiceous, 
for the argillaceous and calcareous parts of 
the zeolith matrix are extracted by the acid, 
together with the calcined manganeſe. 5 h 
To CITE Both 
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Both the red and the colourleſs calx of 
eee are precipitated by a phlogiſti- 
cated alkali of a whitiſh dale, unleſa the 
iron be ſuperabundant. 
It has already been obſerved chat the black | 
calx of manganeſe grows green in a red 
heat, which was firſt remarked by the cele- 
brated Rinman, upon making the experi- 
ment on a ſpecies of black calx of manga- 
neſe, which muſt yet be particularly diſtin- 
guiſhed ; for though it conſiſts for the moſt 
part of a black calx, yet it contains a num- 
ber of heterogeneous particles, ſuch as calca- 
reous and ſiliceous earth, and terra pon- 
deroſa, ſubſtances which are always mixed 
with the Swediſh calx : this green calx is 
found conereted into looſe grains, is made 
white by the vitriolic acid, and corroded 
into a ſubtile powder; but very little is diſ- 
ſolved, even by the addition of ſugar, nor is 
a red tinge ever produced. 
HFaving thus ſpoken. pretty fully of the 
vitriolic acid, let us now briefly: conſider: the 
other acids. 
The nitrous kd diſſolves the regulus with 
a certain efferveſcence, occaſioned by the ge- 
neration of nitrous air; yet a ſpongy, black, 
and friable body remains, reſembling mo- 
lybdæna in its properties, ſo far as the ſmall 


| quantity of the matter would permit expe- - 
fiments to be made. The other menſtrua 


alſo exhibit a ſimilar reſiduum; the ſolution 
is always brown, which is occaſioned by the 


iron 
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iron adhering to the manganeſe—it ſcarcely 
acquires a red colour: the white calx is very 
readily taken up by the acid, during which 
operation the aerial acid is extricated, but no 
nitrous air appears. The ſaturated men- 
ſtruum has the appearance of water, unleſs 
| iron be preſent: the black calx is very ſpa- 
ringly diſſolved, yet a ſaturation is effected 
by means of a large quantity of the cal 
logiſtic additaments complete the ſolu- 
tion; but theſe are not neceſſary if the acid 
be employed in a phlogiſticated ſtate. In this 
caſe the decompoſition of heat ſeems to have 
leſs effect, as the menſtruum, being more vo- 
latile than the vitriolic acid, is diſſi pated by 
a lower degree of heat. The green calx is 
acted upon in the fame way as by the vitrio- 
lic acid: the ſolutions when pure depoſit no 
folid cryſtals, although the evaporation be 
conducted with the moſt cautious ſlowneſs. 
Reguline manganeſe is diſſolved in the 
ufual manner by the marine acid, as is alſo 
the white calx-; nay, the black is taken up 
in the cold by this menſtruum, and commu- 
nicates to it a red colour. I had before con- 
jectured that the red calx is richer in phlo- 
giſton than the black, an opinion which is 
1 confirmed by a circumſtance which occurs 
T1 Here. Marine acid contains phlogiſton as 
1 4 bone of its conſtituent principles; and the 
black calx, by means of a ſuperior attraction, 
feizes a part of this phlogiſton, and ac- 
quires a certain degree of ſolubility _ 
„ | .. - IN 
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this union is very light, and may even be 
deſtroyed by the ſimple affuſion of water: 

if, however, the red 25 be expoſed to a 

digeſting heat for ſome hours, an inteſtine 

motion like an efferveſcence takes place: 
the ſmell of dephlogiſticated acid is per- 
ceived, and the . — manganeſe is taken 
up in ſuch a manner as to be only ſeparable 
by an alkali. The part of the acid which, 
by its phlogiſton, has rendered the calx ſo- 
luble, puts on the appearance of a red va- 
pour, and flying off manifeſts itſelf by a pe- 
culiar odour: if ſugar be employed, the de- 
compoſition of the menſtruum is not ne- 
ceſſary, nor is any ſmell of aqua regia per- 
ceived; other ſuitable phlogittic matters in 
the ſame way effect the ſolution of the black 
calx ; nay, mercury itſelf, and even gold, 
| neither of which yields directly to the ma- 
rine acid, yet ſupply calcined manganeſe 
with their phlo 3 and, being alin: de- 

—— are diſſalred in the. men 
ſtruum along with it. ; 
_ | Salited manganeſe Graeme: "Sas diſtin | 
rr but only a ſaline maſs, Which at- 
tracts the moiſture of the air: the precipi- 
tate by alkali is occaionally either vhits, 
yellow, or black. _ 

As the fluor acid, united with manganeſe, 
forms a ſalt difficult of ſolution, it is'thence 
ſuthciently obvious, that the ſolvent power 
of that acid is extremely weak ; for the par- 
tales, * ſurrounded 8 a ſaline crult, freed | 

fr 


- 
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freed from the action of the menſtruum, 
yet, upon repeated additions, the acid may 
be faturated. If fluorated volatile alkali be 
added to a ſolution of manganeſe made in 
another acid, inſtantly a double elective at- 
traction takes place, and a fluorated man- 
ganeſe falls to the bottom. 5 
The ſame is true of the . 1 
The microcoſmic ſalt, added to manganeſe 
red in another acid, by a double affini- 
* ipitates a phoſphorated manganeſe. 
he power of vinegar is weak, yet it diſ- 
A the regulus in the way above deſcrib- 
ed, and may even be ſaturated with the black 
calx, if that calx be added in large quanti- 
ty. This eombination yields no cryſtals; 
and after e e r e N 
again. 
Not only reguline manganeſe, but alſo the 
black calx, is taken up by the acid of ſugar ; 
but the ſaturated ſolution depoſits a white 
powder ſcarcely ſoluble in water, unleſs it be 
ſharpened by an acid. This ſalt grows black 
in the fire, but on addition of. the ſaccha- 
rine acid, cafily again acquires a milky co- 
lour. Manganeſe 1s precipitated in the form 
of cryſtalline atoms, by acid of ſugar, from 
its ſolution in vitriolic, nitrous, or marine 
acid. 
The acid of tartar, hir is nts to 
this, takes up the black calx even in the 
cold, but the colour of the ſolution is a 
e brown; however this tinge is diſ- 
5 charged 
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charged with efferveſcence in a digeſting 


heat; a part of the menſtruum is therefore 
decompoſed, and yields its phlogiſton to the 
calx, as has been already obſerved of the 

marine acid; beſides, the tartarized vegetable 


alkali, added to any ſolution of manganeſe, 
immediately throws down tartarized man- 
ganeſe. 

The ein already mentioned 


take place with the acid of lemons, which 


in this inſtance poſſeſſes altogether the ſame 
Properties. | | 
The weak aerial acid ſaturating water, 
attacks both the regulus and the black calx: 
the manganeſe, thus diſſolved, if not mixed 


with iron, ſeparates in the form of a float- | 


ing white pellicle ; by tincture of galls, 
or an alkali, it is precipitated white: if it 
is the regulus which has been employed; a 
peculiar ſmell, TR, that of burning 
fat, is perceived. 


A very minute portion of the black calx, 


added to an alkali in fuſion, immediately 
tinges it of an elegant blue, or ſometimes 
a green colour, if iron be preſent ; hence it 
is that pot-aſhes are ſometimes found varie- 


gated with blue or green: the green ſolu- 
tion in a _ cloſe veſſe] gradually de Joo fats its 
iron, and'then, the yellow being diſcharged, 
it becomes blue: expoſed to the open air, 


the alkali attracts the aerial acid, and the 
black calx is depoſited, a depoſition which 


is more 1 effected by a few 3 of 


a ſtron ger 


1 
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A ſtronger veid, or even by a large quantity 
* water; e this laſt the ſolution grows 
Firſt violet, then red, and at length all co- 
Jour vaniſhes, the black particles which be- 
fore had been red being depoſited : theſe 
particles, while red, had 3 equally diſ- 
perſed through the clear maſs ; ; but being 
more ty deprived of their phlogiſ- 
don. at length grow black. 
(u) Eight parts of — n by 
A a gentle heat in a glaſs retort, take up three 
of ſulphur, and produce a yellowiſh green 
mals, which is acted upon by acids, diſſolv- 
ing the metal with efferveſcence and an 
hepatic odour: the ſulphur which remains 
after the generation of the hepatic air may 
be collected on a filter. 
Reguline mangancte appears 10 hes ſul- 
phur. 
P (1) Theſe properties evidctitly bew. that 
manganeſe differs conſiderably from all me- 
tals hitherto known; in fuſibility and co- 
Jour it ſomewhat reſembles iron; in its 
ſtrength of attraction, ſpecific gravity, and 
in producing a colourleſs vitriol, it ap- 
proaches to zinc; but in other Properties 
18 is totally different. 
Iron is malleable and magnetic when it 
retains the greateſt poffible quantity of phlo- 
giſton: during ſolution in acids it exhibits 
a green colour, but upon a greater def hlo- 
giſtication it grows pale; and the laſt: lixi- 
We which refuſes to cryſtallize, puts on 
10 | a red ddiſh 
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a reddiſh brown appearance. The vitriol of 
this metal, diſſolved in water, is decompoſed 
ſpontaneouſly in an — veſſel, and ſeparates 
an ochre— this depoſition is accelerated by 
heat: the calx depofithd is of a reddiſh 
brown, or at leaſt reducible to that colour 
by a due degree of heat, 

Zinc is of a white colour, eaſily fufible, 
and inflammable by ignition in open veſſels, 
and burns with a moſt elegant flame, ſend- 
ing forth white flowers; but in cloſe veſ- 
ſels-the metal, being volatile, riſes by the 
force of the fire: it forms with copper a 
yellow compound, which, when the relative 
quantities are ee adjuſted, reſembles 
gold: it 1s eaſily diſſolved in all the acids, 

whether it be 3 or calcined, and 
forms a colourleſs ſolution: it yields a 
white calx, which is not rendered black by 
a red heat of ſome minutes: and it never 
rivges glaſs red: theſe, and its other pro- 
perties, readily diſtinguiſh it from manga- 
neſe. The entire habit of the latter with 
phlogiſton i is fo fingular, that it cannot eaſi- 
ly be confounded. with the other metals; 

for what metallic calx, except the black 
| calx of manganeſe, is able to digs, nes 
marine acid and volatile alkali, nay to ſep 
rate the phlogiſton even from gold itſelf 2 
What other, when deprived of its phlogiſ- 


ton, can form a blue folution with alkaline 5 


falts, and a red with acids, which it again 
Toles by means of nie additaments! 05 
| | W. at 
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What other is there which, by the difference 


in the quantity of phlogiſton, can exhibit 
colours ſo various and ſo diſtinct, namely, 


white, red, green, and black ? It is general- 
ly thought that black calxes- contain the 
greateſt quantity of phlogiſton, but in this 


caſe the black contains leaſt of it. 


Beſides, ' manganeſe, though tortured in 
many different ways, could not be changed. 
into iron or zinc,” or any other known 
metal, but obſtinately. retained its own 
properties; therefore, until experiments, 


free from the leaſt ambiguity, ſhall have 


ſhewn that this is derived from other me- 


tals, it muſt be conſidered as a diſtindt me- 


tallic ſubſtance, unleſs we wiſh to overturn 
the certainty. of natural philoſophy alto- 
gether, by indulging fallacious conjectures. 
The difficulty with which the martial in- 
quinament is- ſeparated, indicates no more 


than the exiſtence of a very intimate union. 
The regulus eliquated from the black 
manganeſe of Sweden, expoſed-in an Heſ- 


ſian crucible for a quarter of an hour (with- 
Gut any additament) to a violent heat, loſt 
0,33, Which had ſeparated in the form of a 
browniſh yellow ſcoria. The regulus was 
not yet magnetic; and, by the addition of 
ſugar, the acids extracted pure calx of 
manganeſe; at leaſt, with phlogiſticated al- 
kali, no traces of Pruſſian A could be diſ- 
covered. The remainder of the regulus 
N 67 lb.; and, upon repeating the 


operation, 
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operation, the part which was magnetic 
weighed only 25 1b. and the black ſcoria was 
found contaminated a little with iron. This 
regulus, fuſed again, yielded only 1741b:; and 
diſſolved in acids, by the addition of. __ 
giſticated alkali, both white and blue par 
ticles were depoſited, the former of which 2 
appeared moſt numerous; ſo that we may 
conclude, that in 100 parts of manganeſe 
there are not e d of common e more 
than o, 08. 
The method by which the quantity of 


iron may be accurately examined, will 8 
deſcribed y VIII 3. 1 819 


$ viir. Method by which Mangini bs 
mixed with Iron, may be dftinguiſhed and 
ſeparated. EIN) D 


The ores of iron and of manganeſe : are very 
frequently: loaded with both metals ; and 
although the iron ores are often found with- 
out manganeſe, yet thoſe of the latter are 
| ſcarcely ever free from the former. The 
calxes of theſe two metals are alſo frequent- 
1y found together in the vegetable king- 
dom. 

(a) In order to diſcover the preſence of _ 
manganeſe in iron quickly and eaſily, the 
blow-pipe may be employed in the manner 
above deſcribed: (& Iv.) ;; but no redneſs. 
appears, if a particle of complete metal be 
| "_m_ to the ſalt in fuſion, as the tinge is 
Vor. II. e 2 
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deſtroyed by the phlogiſton of the iron 
(F v1. r and G). The purpoſe is generally 
better anſwered by a ſmall portion of the 
metal well calcined; but upon charcoal the 
metallic calx attracts phlogiſton from the 
ſupport, therefore the fuſion muſt either 
be performed in a ſilver ſpoon, or elſe the 
red colour muſt be induced by a ſmall piece 


of nitre. A perſon uſed to the proceſs 


will eaſily know the preſence of manganeſe, 


and even be able, from the phenomena, to 


judge of its quantity. 9's 
In a crucible too, the preſence of man- 


ganeſe is diſcovered without difficulty. To 


a a piece of iron, weighing a few aſſay pounds, 


and made red hot, let there be added about 
five times the quantity of cryſtallized nitre; 
and let the ſame quantity be again added 


9 * 


when the efferveſcence has ceaſed : if any 


manganeſe be preſent, a green ring will be 
found round the middle of the infide of the 
crucible ; if the quantity be conſiderable, 
it will not be neceffary to add the nitre 
a ſecond time the crucible muſt be re- 
moved from the fire while the maſs is red 
ö 12 of ; 
(B) Let a determined weight of the iron 
ſuſpected to contain manganeſe be diſſolved in 
. . large quantity of nitrous acid, let it then 
be evaporated to dryneſs, and at length made 
red hot: let the reſiduum be weighed, and 


put into diluted nitrous acid, together with 


a ſmall piece of ſugar ; and if any manganeſe 


| 
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be preſent, after a few hours the menſtruum, 


When ſaturated with aerated alkali, will yield : 


a white metallic calx, which may be thus 
totally abſtracted : let the remainder, which 
is totally deprived of manganeſe, be elixated, 


dried to ignition, and finally again weigh- 


ed—the difference of weight, before and af- 
ter the extraction, will ſhew the quantity 


of calcined manganeſe ; and this being 
given, the correſponding quantity of regu- 
line manganeſe is eaſily determined, as that 


metal gains 6,34 by calcination, The ſolu- 


tion itſelf alſo; precipitated by a fixed al- 
kali, affords a white calx, the knowledge of 


Which eaſily determines the quantity of the 


reguline manganeſe ; for experiments ſhew 


that 100 parts of this metal e yield 


180 of white calx. 
The white calx this obwminds is ſeldom 


entirely free from iron, as it is very diffi- 


cult to deprive that metal ſo far of its phlo- 


piſton, that the nitrous acid, eſpecially when 
phlogiſticated, cannot take up ſome portion 
of it: but if the white calx, obtained as 


above, be well calcined, and again diffolved _ * 


in nitrous acid, by means of the addition 


of ſugar, the iron remains for the moſt part 


undiſſolved; at the beginning too, the mar- 
tial inquinament, being weaker in attrac- _ 


tive power, may be precipitated by a few 
drops of volatile alkali. 


Iron, contaminated with manganeſe, it 


. powdered and plunged into a ſolution of 


. martiak 
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martial vitriol, 1s gradually depurated; for, 
in virtue of its ſuperior attraction, the acid 
ſeparates from . WOW, + ne difſolves the 
eee | 


'$ IX. i Prorinate Principles of the White 
Ores of Iron. 


Theſe thivgs being premiſed, we are en- 
abled to judge properly of the compoſition 
of our ores, namely, they always conſiſt of 
lime, iron, and manganeſe, but in propor- 
tions infinitely varied; for we ſhall paſs 

over in ſilence the foreign matters, which 
we have already mentioned as being ſome- 
times preſent (S vI. 3) 
(A) The preſence of lime is indicated by 
ths efferveſcence, more or leſs remarkable, 
_ - occaſioned by the pulverized ore (S vi. a); 
buy its occaſioning an heat in water, when 
_ ſufficiently burned ; by its ſeparating a 
cream (S v. A); and by the whitiſh opacity 
occaſioned upon cooling, in the nitrous glo- 
bules, when too much loaded with it (S iv. 3). 
Other circumſtances tend alſo to prove the 
fame thing; but the humid ſolution (S vi. ) 
it is which puts the matter beyond doubt. 

| . any portion of the metal ſhould at the 

0 ll A = fame time enter the menſtrua employed 

| ( (which is generally the caſe) that part ought 

». firſt to be precipitated by phlogiſticated 

alkali ;' and afterwards the Ow by an ae- 


a rated alkali, : 2 | 
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(3) Of the preſence of iron there is no 
doubt; the crude ore is ſometimes attracted 
by the magnet, which is almoſt always the 
caſe when it is burned ; but ſometimes, even 
after burning, this property is concealed. by 
the ſmallneſs of the quantity, the iron fre- 
quently not exceeding o, oz, which never- 
theleſs is diſcovered in the ſolution by means 
of phlogiſticated alkali. The quantity of 
metal is diſcovered by reduction, either in 
the humid way or by fire, ſolution, and 15 
precipitation (S v. E; VIII. 3). | 
That iron, deprived of its metallic Cant is, 
preſent, eaſily appears, for the ore is ſeldom 
magnetic before roaſting ; nor on ſolution. | 
does it generate inflammable air, when the 
menſtruum is vitriolic or nitrous acid: 
however, as the perfect ore yields without 
heat green ſolutions, except with the nitrous - 
acid, and produces with the vitriolic acid a 
beautiful green ſalt, we may thence col- 
lect, that the deficiency of phlogiſton is in 
3 inſtance; not greater than in martial 
vitriol. 5 
ears The preſence of manganeſe | 18 Indic 
cated by the moſt manifeſt ſigns, and that 
even in the ſtate of white calx, - unleſs: 
when injured: by lapſe of time: theſe are, 
the blackneſs occaſioned by calcination, 
either ſpontaneous or produced by fire (& Iv. 
A; yII. o); the habits, when examined by 
the blow-pipe ($ Iv. VII. r) and by-other 
„ both * Aire 6 v. VII. As 5 
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and by the humid way ($ vr. vIII. 6). But 
what puts the matter entirely beyond doubt is, 
that the calx may be ſeparated, and ſeparately 
examined (S viii. B). White — 9 man- 
ganeſe forms proportions of the whole maſs 
very unequal. From the regulus of Eiſenartz, 
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Id. 42 1b. in weight, 24 of white manganeſe is 
1 obtained (F v. z); which weight alſo yields 
13 lb. of regulus of manganeſe; the iron, 
1 therefore, is 42 — 13 = 29: and in 100 parts 
4 © of this ore, 1 calcined iron, as in green vi- 


triol, about 38, of aerated manganeſe 24, and 


14 of aerated lime 38. The ore brought from 
311.8 the mountain, which in Sweden is called 
22 18 the weſtern Silver Mountain, in the ſame 
[1 Mi way yielded 22 of calcined iron, of white 
WY calcined manganeſe 28, and of aerated 
LM lime 50. 
Ki | | 
[ 1 {I x. Uſe of the white Ores of Iron. 
| 1 It is well known to the ſkilful in thoſe 
3! matters, how excellent the ſteel is which is 
W 1}; produced by the white ores ; although that 
1 | the foundation of this excellence is an ad- 
| | == mixture of manganeſe has heretofore been 
. unknown. In the reguli formerly eliquat- 
1 cd (S v. v.) the manganeſe formed — 
14 one third, by which, not only the hardneſs 
| = was increaſed, but a filver ſplendor commu- 
3} | nicated. The beſt proportions in mixing 
wehe metals muſt be determined by e 
ih | and * E ere 1 
14 Ws * Theſe 
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Theſe ores frequently contain iron in 


ſuch ſmall quantity that they cannot pro- 
perly be denominated from that metal; one 
or two hundredths are certainly of no ſuch 
conſequence : in ſuch the calcareous earth 
abounds, which conſequently by roaſting is 
converted into quick-lime, but is black or 
brown, on account of the dephlogiſtication of 
the earthy baſe of the manganeſe. A black 
calx of this kind is got in the neighbour- 


hood of Upland; this affords excellent mor- 


tar, which grows harder, and dries more 
uickly, than any other, even under water. 
his ſuperior excellence is rather to be at- 
tributed to the manganeſe than to the iron, 
as the calcareous ſtones, deprived of man- 
ganeſe, though containing the ſame portion 
of iron as thoſe of Lena; yet produte a mor- 
tar of a much inferior quality. We have 
calcateous ſtones in many places of Sweden, 
which grow black on burning, and which - 
. doubtleſs poſſeſs the ſame virtue. 


. — 


" 


o 


Me employ the black manganeſe in glaſs- 
houſes for purifyitig glaſs: how this acts 
has been already explained (F vII. F). It is 
very probable that calcateous earth, loaded 
with manganeſe, and deprived of iron, ſuch 
as we have ſpoken of for building, may be 
applied to the fame. purpoſe, 5 opep 
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E 8 1. Hiftorical Introduction. | 


HE RE is found in the parts of Ger- 
| many which abound in metals, an 
ore which is called Kupfer- nickel, ſome- 
times grey, but often of a reddiſh yellow 
_ } colour, and poliſhed, This name it proba- 
blu firſt got and ftill retains from this cir- 
cumſtance, that although it has the appear- 
ance of containing copper, yet not the 
ſmalleſt particle of that metal can be ex- 
tracted from it, even by fire. The firſt ac- 
count we had of it was from V. Hierne, in 
a book publiſhed in 1694, written in the 
Swediſh language, concerning the diſcovery 
of ores and other mineral ſubſtances. 
„„ ; Henckel? 


r Me . 233 


Henckel conſiders it as a coming of cobalt 
or arſenic, alloyed with copper, and Cramer 
refers it to the arſenical or cupreous ores; 
but neither they, nor any other perſon (as 
they themſelves confeſs) were ever able to 
extract from it a ſingle particle of copper. 
Several other philoſophers acquieſced in this 
opinion, until that celebrated mins n 
Mr. Cronſtedt firſt undertook an accurate 
examination of this mineral, and by man 
experiments, which were publiſhed. in the 
years 1751 and 1754, ſhewed that it con- 
tained a new ſemimetal, to which he W 
the name of nickel. 

Almoſt all the Swediſh mineralogiſts 9 
terwards embraced this opinion, as alſo als 
many others, although the old opinion was 
not entirely deſerted ; for ſome were led ra- 
ther by vague conjecture and ſpecious appear- 
ance, than by ſatisfactory experiment; and 
Mr. Sage has lately attempted to eſtabliſh - 
the former theory by chemical reaſonings 
and experiments. - In "ihe acts of the Royal 
Academy at Paris he deſcribed an — of 
nickel which he had undertaken, and upon 
this grounds an opinion that the new ſemi- 
metal is compoſed of cobalt mixed. with. 
iron, arſenic, and copper. 

In order to decide upon this ſubject 
many experiments are neceſſary, and theſe I 
undertook with a mind totally free from any * 
preconceived opinion; and though upon 
us occaſion the ſcarcity of the mineral pre- 
| ; 25 | | Vente 
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vented ine from entitely removing doubt, 
yet I truſt that ſo much of the triith- has 
een laid open, that when. ſufficient quan- 
tity of this ſubſtance can be obtained, it 
will be found no difficult matter to eſtabliſh 
the truth in the moſt decifive manner. 


Fi. — of the „ Ned. 


In order to obtain the regulus of nlekel, 
the ore muſt be firſt ſubjected to roaſting, 
during which a quantity of ſulphur and 
arſenic, greater 'or leſs according > the na» 
ture of the ore, is expelled ; ſo that it fome- 
times loſes upwards of Half its weight; bat 
frequently not aboye o, 3. This ore, though 
long and completely calcined, does not al- 
ways acquire the ſame colour, but in gene- 
ral becomes greener in propottiofi as it is 
more rich; ſometimes (efpectally if ſuffered 
to lie at reſt) i its upper ſurface is covered with 
green! vegetations, ſomewhat of the form of 
Coral, which, are Hard and ſonorous. 
Let a double or triple quantity of black 
flux be added to the roaſted powder, and 
the mixture well fuſed in 4 forge, in ah 
open crucible, covered with common alt, 
bottling to the uſual method. 

The veſſel being broken, a metallic 228. 
| pile is found at the bottom, under the ſco- 
ri, which are brown or black; or ſomie-. 
e even blue: the weight of the globule 
amounts 
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amounts to o, 8 0, 2, or at the moſt 0, 5 of 
the crude ore. . . 
This, however, is far from being pute; 
for although the roaſting be ever ſo violent 
and long continued, yet a conſiderable quan- 
tity of ſulphur, but eſpecially arſenic, {till 
remains concealed in the regulus, excluſive. 
of cobalt, and a great proportion bf iton, 
which laſt is generally fo prevalent” as to 
make the regulus magnetic; and this vatie- 
ty of heterogeneous matter is the cauſe Why 
the regulus varies much, not only in re- 
ſpe& td its fracture, the poliſhed ſutface of 
which is either ſmooth or lamellated, but 
alſo in regard to its white colour, which is 


more or lefs yellow or red. 5 
It is obvious from hence how neceſſary 
it is to depurate the regulus, if we wiſh to 
judge rightly of its genuine nature and pro- 
perties: I have therefore undertaken a great ; 
variety of laborious proceſſes for this pur- 
5 to deſcribe them all circumſtantially 
ould far exceed the limits of this Eſſay; 
I ſhall therefore only mention the moſt re- 
markable, and that conciſely; for in writ- 
ing to metallurgiſts it is by no means neceſ- 
fary to deſcribe all the minute circumſtances 
attending an operation. gu 3 
$ 111. The Regulus depurated by Calcinution 


% 
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| and Scorification. 

In order to diſcover the effect of repeated 
calcinations and ſcorifications, the following: 
2 experiments 
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experiments were made with a certain regu- 
Jus of nickel found in the Suabian collection 
of the Upfal Academy, which had been eli- 


uated by Mr. Cronſtedt, and whoſe ſpeci- 
de gravity, taken by a very exact hydroſtatic 
balance, was to that of diſtilled water as 


7.4210 to 1, 000. 


a) Nine ounces reduced to powder were. 
expoſed in ſeveral diſhes, for fix hours, to an 


| exceedingly. vehement heat, under the dome 


of an aſſay furnace; by this the arſenic was 
firſt diſſipated with a fœtid ſmell ; a ſulphu- 
reous odour was next perceived; afterwards 
a quantity of white. ſmoke, without the gar- 
lic ſmell, which probably aroſe from the 
ſublimation of the more dephlogiſticated 


arſenic: when the heaps were hot they began 


to ſwell, and green vegetations ſprang out 
from all the ſurface, reſembling moſs, or the 


filiform lichen; there remained at the bot- 


tom a poder of a ferruginous aſh- colour. 
In this operation o, 13 were difipated. 
(3) Half an ounce of this calx, fuſed in a 
forge for four minutes, together with three, 
times its weight of black = ielded a re- 
gulus the ſurface of which was eee 
all the areolæ being hexangular, with ex- 
ceeding ſlender ſtriæ, diverging from a tu- 
berculated center: it weighed o, 73 of half 


an ounce, was obedient to the magnet, and 


when ſcorified With borax left a Wai 
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ry (e) This regulus being a again roaſted, 
firſt yielded a garlic ſmell, and after a vift- 
ble inodorous fume, W ron with 4 | 
tions as before.. 1 ing 

(vo) The roaſted pod being reduced 
by the black flux, and taken out of the veſ- 
ſel; a ſmell of arſenic was'again perceived: 
the fuſion was repeated with the calx and 
borax, and nothing appeared but 9 ob- 
ſcure ſigns of cobalt. 

(2) The regulus of nickel, roaſted a third 
| time, yielded but little ſmell of arſenic ; no 
vegetations appeared; and finally the metal- 


lic calx had rather a e than a 


green colour. 28 5180 


() After reduction in the fourth calcina- <5 
tion neatly the ſame phznomena appeared. 

() Reduction being performed with 
10 and borax, the regulus, when firſt 
fuſed, loſt: much of its iron, which ad- 
hered to the black ſcoriæ; it ſoon acquired 
an hyacinthine colour without any remark- 
able mixture of cobalt; it was now but 
little obedient to the e and its 1 7 80 

fic gravity 7, 828. 

(A) The regulus was again roaſting! (the 
Afth time); but upon the gradual addition of 
powdered charcoal to the diſhes when red 
hot, a prodigious quantity of arſenic, which 
was before imperceptible, flew off in the 
form of ſmoke; for it is the nature of this 
ſemimetal, that unleſs there be preſent a 


certain . of phlogiſton, with which 


it 
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it may wiite, it does not yield to the action 
of fire, but remains fixed. The powder was 
treated in this way, until no more ſmoke or 
garlic ſmell appeared, although charcoal was 
again added. Wh 

(i) On reduction a regulus was obtained | 
of a lamellated and tenacious texture, which 
yet, when the veſſel was removed from the 
fire, diffuſed an arſenical odour. 

(x) The roaſting was therefore repeated 
a ſixth time, and continued for ten hours, 
and by powdered charcoal arſenic was ex- 
pelled, diſtinguiſhable not by the fight but 
2 the ſmell; the colour of the metallic 
_ was obſcurely ferruginous, mixed with 

ſcarcely viſible. 

4579 The reduction being efefted with 
equal parts of the white flux: lime, and bo- 
rax, a regulus was obtained, ſemiductile, 
highly magnetic, and ſoluble in nitrous acid, 


to which it communicates a deep green co- 


lour; yet there remains a blackiſh maſs 
which eludes the force of the menſtruum, 


which afterwards grows white, and, ſet upon 


a burning coal, flies off without any re- 


markable arſenical ſmell. 
(M) The regulus was then fix times fu- 


ſed with lime and borax; the fcoria hence 
arifing reſembled the hyacinth in colour, 


but a green metallic calx ſurrounded the re- 


gulus, which, as before, was obedient to 
_ N and, 55 5 ſemiductile, broke 


42 3 - tenaciouſly, 


tenacipully, that is, the broken. part was 
rendered rough by extended threads. | 
(v) After all theſe roaſtings the regulus 
was expoſed during fourteen hours to a ve 
ſtrong heat ; after this powdered charcoal 
was added by degrees, without any diſſipa- 
tion af arſenic, or loſs of weight; the.co- 
lour of the roaſted powder was ferruginous, 
with a very weak tinge of green, 
(o) After reduction, a very ſmall globule, 
ſtill magnetic, was found among the ſcoriz, 
which were much loaded with iron. Of this 
globule ye ſhall ſpeak more at large in g IV. 
Ty GC» 4:5 | n 7. 19 25 


$ 1v. Eliquation of the Regulus from the Org 


of” Los. 


The nickel ore which is got at the mines 
at Los, in Helſing, was examined and de- 
purated in the following way: 17 9085 
(a) The roaſting was performed in the 
nh,, nate <fry 4 
() As was alſo the reduction. | 
(e) The regulus was then calcined, and 
the powdered charcoal was added by degrees, 
until all the arſenical ſmoke had ceaſed, and 
8 calx of nickel acquired a deep green co- 
our. 0 
(D) This being reduced, a magnetic re- 
gulus was obtained, which yet, when fuſed 
- with lime and borax, was not obedient 10 
5 2 | the 
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the magnet, and yielded a ſcoria of a deep 


X blue. 


(i) Füsse of charcoal was gradually 


added, during ten hours, to a regulus of 


this ſort ſufficiently calcined (if this be in- 
ſtantly done, the reguline particles readily 
coaleſce) by which means a quantity of ar- 


ſenic was diſperſed, and a ferruginous pow- 


der, of a colour approaching to green, re- 


mained. 
[t) After reduction with 160 black flux, 
lime, and borax, the ſcoriæ were tinged partly 


with iron, and partly too with the nickel; 
the white regulus was ſtrongly attracted by 
the magnet. | 
(6) But afterwards, though phlogiſton 
was added abundantly to the maſs in the 
diſhes, for the ſpace of fourteen hours, yet 
neither ſmoke nor ſmell betrayed any ſenſi- 
ble diſſi pation of arſenic, nor was the weight 
diminiſhed; but, on the contrary, it was 
increaſed ; by the roaſting ;—the metallic 


ferruginous calx was ſcarcely-green. 


(u) After the reduction the regulus was 
ſemiductile and magnetic. 

(1) This, firſt fuſed with lime and borax, 
and afterwards united with that which was 
mentioned in the preceding (F 111. o) 
yielded a white ſemiductile regulus diſtin, 
with the colour of green calx, and hyacin- 
thine ſcoriz. 

(x) The fame regulus was fuſed with 
fulphur, and one-halt its weight of the mi- 

neralized 


| on K+ CE EtE. r 

neralized maſs, imperfectly roaſted, Was 
united by fuſion with a portion of the crude 
mineral; this ſulphurated nickel, well cal - 
cined, and reduced with a double quantity 
of black flux, yielded a regulus obedient 


to the magnet, which was nearly as refrac- 
tory in the fire as forged iron. | 


As ſulphur has a ſtrong tee” for | | 


nickel, I had hopes that this mineralizing 
ſubſtance, not being ſufficient to faturate 
both the nickel and the iron, would deſert 
the latter, and adhere to the former; by 
which means, the iron entering the ſcoriæ 
might be eaſily ſeparated. The following 
paragraph will ſhew the effect of this con- 

1 8 5 | | 


SV Nickel tra ated by ROD DIR 1 0 


(a) 800 parts of the regulus of Cronſtedt - 
(F 111.) fuſed with ſulphur and a ſmall 
quantity of borax, yielded a mineralized 
maſs of a reddiſh yellow, AY to 
1700. 

. One-half of this, when firſt ex poſed 
do fire in a roaſting diſh, began to bw 

black, then the heat was increaſed until 
vegetations aroſe; the metallic calx now re- 
maining weighed 652. | 


(e) This half, faſed with borar, and the 


other part not burned, yielded a ſulphurated 
regulus of | a .whitiſh be mat co ny,” in 
weight 1108050453: 

I.) The fame regulus, by a calcination 
"FO II. 83 R | Te 
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which laſted * four hours, was firſt cg» 
vered with vegetations, and afterwards, up- 
on the addition of powdered charcoal, dif- 
fuſed a continued odour of arſenic; the 
weight of metallic calx, which Was. of a 
dilute green, was 1038. 

(E) After reduction, a 8 1 ö 
regulus was found, in weight equal to 1 
ſemiductile, highly magnetic, and, at the 
lame time, exceeding refractor. 

(r) This was again fuſed with ſalphur, | 
which being done, the weight was equal to 
$16.; one-half of which, roaſted to green- 
nefs, united by means of fire with the other, 
ſtill ſulphurated, and in weight og, ſcarcely 
obeyed the magnet. After a calcination of 
four hours, during which, by means of 
the phlogiſton, much arſenic flew off, the 

der put on an aſh- colour, a little green- 


iſh, in weight 569, which by redaction 


yielded a regulus the ſurface of which was 
red, and which, upon breaking, appeared 
of a white aſn- colour, very friable, equal to 
4 523 the ſpecific Reg of which was 
778. . 

(6) The regulus, mineralized; a: (third 
time with ſulphur, was treated in the fame 
way as before with powder of charcoal, fo 
long as any veſtiges of arſenic. remained, 


which required a vehement calcination for 


twelve hours. The powder then remaining 
was of an aſh-green colour, and weighed 
P but the regulus obtained by means of 


reduction, effected by expoſure to a moſt 


7. 0 6 oy 
» os E, 4.4 v * 3 
o Be / *% 
i P 
— # 


S. N DG ELD | 243 


an hour, was ſo refractory that it only ad- 


hered imperfectly to the ſcoriæ, which were 
of a diſtinct hyacinthine colour; nor could 


it be reduced to a globule b the addition 


of borax, though urged by the ſame vehe- 


mence of fire. The abſolute gravity of this 
regulus was 180, but its ſpecific gravity 


8,6666; and it not only adhered” ſtrongly 


to the magnet, but to any other piece of 
iron, nay the ſmall pieces of it attracted one 


another; it was beſides fo ductile, that 


from a globule, whoſe diameter did not ex 
ceed one line, a plate of three lines in dia- 
meter and upwards. might be obtained by 
the hammer: it was of a whitiſh colour, 
mixed with a glittering kind of red: diſ- 
ſolved in volatile alkali, it yielded a blue 
colour, and in nitrous acid a full green. 
One hundred parts of the ſame regulus, 
beaten out into thin plates, after a calcina- 
tion of four hours, were covered with a 
cruſt in appearance martial, under which 
was a green powder, and within a nucleus, 
conſiſting of reguline particles unchanged ; 
the weight was .increaſed by 5. The fria- 
ble matter, reduced to powder, put on a 
browniſh green colour, and after a calcina- 
tion of four hours more, concreted at the 


bottom in the form of a friable blackiſh 


cruſt, which was ſtrongly magnetic, and 
weighed 100; the cruſt was afterwards 


a. 


comminuted, and roaſted for three hours, 


& with 
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with the addition of powdered charcoal, yet 
neither were any reſt iges of arſenic diſco-: 
vered, nor was the magnetic power deſtroy- 
ed; but the weight was now 105, and the 
colour little changed. This powder, fuſed. 
for an hour with lime and borax, yielded a 
regulus of 721b. ; this was red, angular, ES. 
- * ſemidudtile, and altogether magnetic, the 
ſpecific gravity of it was 8 875. The 
fame globule, diflolved in aqua regia, was 
indeed precipitated by martial vitriol, as if 
loaded with gold; but the ſediment was very 
_ eaſily ſoluble in nitrous actd, hence it ap- 
pears not to be gold. But moſt of the re- 
guli which we obtained, ſhewed no ſigns of 
precipitation with martial vitriol ; hence it 
clearly appears, that even if gold be ſome- 
times preſent, yet it is not A the 
caſe. a 
(u) 800 parts of the ore wy nicke?; which 
is found in Saxony at Johan-Georgenſtadt, 
roaſted - for fourteen hours, and freed as 
much as poſſible from arſenic, by means of 
powdered charcoal, loſt 248 of their weight. 
After reduction, and the firſt mineralization 
performed in the uſual way, it was remark- 
able, that the latter ſulphurated regulus, 
. which before calcination weighed 230, af- 
terwards was equal to 242 ; and after ano- 
ther ſulphuration of the fame kind in the 
' laſt calcination, had its weight increaſed 
from 70 to 78: the re laſt obtained 
was equal. to 20% obedient to the magnet, 
is CO 8 
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poſſeſſing a 2 gravity of 753333, and 

borax an hyacinthine glaſs : 
it was with difficulty calcined, but at length 
fell into a greeniſh powder, and with ni- 


trous acid yielded. a Fold tion of the lame 


colour. 

(1) The proceſs of Win e and 
ee deſcribed in (H), was repeated 
with 100 parts of the ore of Los, and that 
without any increaſe of weight: the regulus 

. finally obtained was in abſolute gravity 1, 
in ſpecific gravity about 83 it tinged borax 
of an hyacinthine yellow, and nitrous acid 
of a green colour. 


| $ vi. Nickel [depurated by Hepar ou hure. 


As it appears from experiment, chat co- 
balt is more eaſily diſſolved than nickel, by 
hepar ſulphuris, and that theſe ſubſtances 
may thus to a certain degree be ſeparated in 
the fire; a ſuſpicion aroſe, that unequal de- 
grees of affinity might produce the ſame 
effect with iron and nickel. 
(A) 58 parts therefore of regulus of nickel, 
Which dad before been ſulphurated 05 v. 8), 
fuſed with 1800 of ſaline hepar ſulphuris, 
then diſſolved in warm water, filtered through 
Paper, and precipitated by an acid, yielded 
a powder, which, roaſted in a diſh till the 
ſulphur was conſumed, was found of an 
_ aſh-colour, and weighed 35. . oy 
Ws "RK 2 (B) The 
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() The reſiduum, which. could not be 
diſſolved in warm water, being freed. from 


ſulphur by means of fire, was alſo of an aſh- 


colout, and weighed 334. 
(c) This reſiduum, duced: by the black 


flux, yielded a friable regulus, which, was 
indeed but little magnetic, yet, when fuſed 


again with . borax, exerted that p property | 
which had before been weakened. by the 
ulphur) in a higher degree. , 
(v) The fame experiment was tried with 
a \calcareous hepar, according to the direc- 
tion of Mr. Beaume—yiz.. calx of nickel, 


gypſum, colophony, and white, flux, were 
taken in equal proportions ; theſe, mixed 
and fuſed, yielded a powdery, ſquamous, | 


reguline mals, which, when fuſed with bo- 
rax, produced a regulus poſſeſſing the pro- 
ies of nickel (but not entirely deſtitute 
of cobalt), which obeyed the magnet, and 
even after two ſolutions in nitrous acid, and 
various reductions by fuſion with borax, 
did not pus with its iron; it alſo retained 
the ſulphur obſtinately. - 
(z) Regulus of nickel was difſotred, i in 


the via ſicca, by a ſaline hepar ſulphuris, 
and upon the addition of. a quantity of 


nitre, ſufficient only to deſtroy a ſmall part 
of the hepar, the regulus which had been 
ſuſpended. by it was: ſeparated. and fell to 
This regulus of nickel, up- 
on examination, appeared more pure, an 

3836 at leaſt for * moſt part, en 
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of | cobalt, but ſtill containing iron. In 
like manner nickel is always very diſtinétly 
precipitated by regulus of cobalt, as this 
latter is attracted more enn by the | 
he ſulphuris. - "Y - SHY den 115 
Nickel diflolved: ths aa hepar f ulphu- 
ris in fuſion, may be precipitated by the 
addition of iron, copper, tin, or lead, and 
even by cobalt: the regulus obtained is 
e g ever attracted by the magnet; but 
whoever concludes from thence that no iron 
is preſent, will be deceived; for this metal 

(the regulus of nickel), when properly freed 
from the heterogeneous matters which im- 
pede its action, ann een 8 
RON vey n 45 


r v1 t. Nickel aber FP Me, 


Finally, Nitre, which attracts phlogiſton 
more powerfully than any other ſubſtance hi- 
therto known, was employed; it was hoped 
that this would more eaſily ſcorify the he- 
terogeneous matters, becauſe nickel ſeems 
both to loſe its phlagiſton more flowly, and 
to recover it more quickly, than. thoſe mate 
ters. 


(a) One part of Cronſtedt's regulus v was Es 


added to mics of nitre, ignited in a cru- 
ible, and kept in an equable degree of heat 
for. the ſpace of an hour; at firſt ſome weak 
flaſhes appeared, probably from the reſis 
duum 9p the ſulphur ; ; afterwards a large 
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quantity of arſenic was thrown out; finally, 


the ſides were covered with a blue- cruſt, 
occaſioned” by the cobalt, and a 


n matter 
remained at the bottom. This fuſed again 
for an hour, with twelve parts of 5 


tinged the internal ſides of the veſſel of a 


green colour; and finally a:browniſh groom. | 


— maſs, much leſs in quantity than in the 


former operation, was found collected at the 


| bottom. e 


Ihe green matter, . ee in the fame way 
a third time, for two hours, left a grey ſco- 
ria at the bottom, which, with black: flux, 


| ns no'regulus. 


Another portion of the 4 regulus, 
fuſed with nitre in the ſame way, was diſ- 
ſolved and became green; yet, being freed 
from the alkaline ſalt by means of water, 
neither did this yield any regulus with black 


flux, but ſcoriæ of an hyacinthine colour, 


mixed with blue; which tinged nitrous acid 
of a green colour, concreted into a jelly, 
and upon e left behind a ee 
calx. 

(z) Another portion of Cronſtedr' s re- 
gulus was kept ſome hours in the crucible, 
with ſixteen parts of nitre; by this means, 
at firſt all the arſenic was ſeparated, then 
the phlogiſticated nitrous acid flew off, and 


| en blueiſh green flowers penetrated the 


ſides of the veſſel. The maſs being freed 
from alkali by water, and torr was of a 
Alete 


Or n KI. 2 
Adllute green, and tinged borax of a greeniſn 


brown. 0 5 | 
This was again treated in the ſame way 
with 12 parts of nitre ; and after edulcora- 
tion yielded a powder ſtill green, which, 
reduced with + black flux,-+ lime, and + 
borax, in half an hour yielded a yellowith 
white regulus, both magnetic and malle- 
able, and poſſeſſing all the properties of 
nickel; its ſpecific gravity was 9,000. The 


inflammable ingredient was uſed in ſmall . 


quantity, that if poſſible the iron might en- 


ter the ſcoriz. 


- 


(.d) One part of the ore of los was ftrong- 8 


ly ignited in a crucible, for the ſpace of an 
hour, with eight parts of nitre, and a deto- 
nation more diſtinct than with the regulus 
took place at firſt. The metallic calx, which 
was ſeparated from the ſaline matter by wa- 
ter, was of a brown ferruginous colour, 
ſimilar to that which is wont to remain 


after calcination with- charcoal-duſt. This 


by reduction yielded an aſhen-white regulus, 
| tenacious and magnetic, of the ſpecific gra- 


vity 8,5573: the ſcoriæ were black. The 
regulus reduced to powder, and fuſed with 12 
parts of nitre, loſt much cobalt; and yield- 
ed a green calx, which, on reduction with 
double its weight of black flux, and E 


quick-lime and borax, left nothing but diſ- 
tinct globules of nickel, tenacious and mag- 


(p) One 
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(v) One part of Cronſtedt's regulus was 
Fed. tor three hours with 8 parts of nitre, 
in a crucible, to the cover of which an open 

glaſs tube was ſo adapted that the aſcending 
vapour might be collected there: the ope- 
ration being finiſhed, white - arſenic was 
in the upper part of the tube; but in 

the lower a powder of a brown aſh- colour, 
4 little green, which tinged borax of an 
hyacinthine colour, and yielded a regulus ſo 
loaded with arſenic as not to be magnetic, 
The ſides of the crucible were blue; but the 
ſaline green maſs at the bottom on elixa- 


tion depoſited a green calx, which was kept 


jũgnited with 12 parts of nitre for the ſpace 


of an hour, and became . blue, partly 
green: but after wards, when only + of the 
green reſiduum was: treated in the ſame way, 
the whole appeared blue: vet the green re- 
ſiduum was diſſolved in nitrous acid, and 
rendered borax of an hyacinthine colour; ſo 
_ that it conſiſted of nic ſusraunded by a 
blue n 
(E) As the experiments Shave, related ; 
ſhew, by means of nitre, the ſmalleſt traces 
of cobalt, which otherwiſe would be com- 
pletely: latent, I examined the various nic- 
coline products 1 in diſhes, with the addition 
of nitre, under the dome of an aſſay fur- 
nace: namely, Iſt. The regulus ($ iv. 1.) 
which Was a little blue. 1 2d. The re- 
gulus previouſly diſſolved in volatile alkali 


| * xX. wg which manifeſted a conſiderable 
ny 7 
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— of cobalt that had lain hid before. 
zd. The regulus previouſly ſulphurated, 
which aſſumed a bluiſh /pellicle. #5 The 
globules (e), Which ſent forth a copious, 
quantity of blue flowers, 5th. The ſub- 
limate of the preceding article (v), which 
ſhewed exceeding weak ſigns of a blue: 
and finally, 6th. The hyacinthine ſcoriq of £ 
nickel, which were of 2 beautiful blue, yet 
could be diſcharged Cram the glaſs. of borex | 
tinged, by it, by means of the blow-pipe; 
which yet, on the addition of a ſmall quan- 
tity of nitre, becomes blue: for the nature 
of metallic calxes is ſuch, that they tinge 
glaſs the more deeply as they are more 
ſpoiled of phlogiſton; and, on the contraty, 
when they recover their principle of inflam- _ 
mability to a; certain degree, all tinge va- 


niſhes. The former of theſe effects may be : 
produced by nitre, the ſecond by 60105. 1 


charcoal, provided the calx be ſo ſmall in 
quantity, and ſo greedy of phlogiſton as to 
be ſaturated. by it from the coal ; otherwiſe 
theſe hyacinthine ſcoriæ tinge acids of a 
green colour, and are precipitated like nic- 
kel dy ene alkali. ; 


| & VIIL. Nickel dpurated = Sal eee, 


Ae iron is eafly fublimed by 9 
| 01 ammoniac, it was rien, in the following 
182 | A; 


„ 
* 
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i manner, whether nickel could by this x me- 


thod be freed from iron. 
(A) A calx of nickel, ſo hacks fees frous 


| cobalt as not to tinge borax with the ſlight- 


eſt blue, was mixed with double its weight 
of fal ammoniac, put into a cucurbit covered 
with an head, and expoſed to a fire gra- 
dually increaſed until the glaſs grew red: 


the bottom was ſtained with a very deep 


hyacinthine colour, and exhaled flowers, 
which adhered to the ſides; theſe were 
partly aſh coloured, and partly white; 
which laſt did not riſe 01 ba: a as the 
former. | 

The iii exhibited two rata; the ; 


pn of which was yellow, ſquamous, and 
Mining, like aurum moſaicum: it yielded 
with borax an hyacinthine glaſs, but no regu- 
tus; after a few days it liquefied in the air, 
atquliring the confiſtence of butter, and a 


en colour. This reſiduum, with warm 


water, ſhewed the ſame properties and co- 
Jour as calx of nickel; and the ſolution, 


which was green, became blue with volatile 
alkali, but with tincture of galls ſhewed no 


veſtiges of iron; a circumſtance which alſo 
took place in the flowers. 


The inferior ſtratum contained 4 calx at 


| nickel not yet. converted into vegetations, 


and ſomewhat contaminated with marine 


acid: the colour was blackiſh, and, at the 
bottom, of a ferruginous brown. With bo- 


rax it yielded an hyacinthine glaſs, and a 
| friable 


o NICKEL, agg. 


friable - regulus of a reddiſh white, and 
ſcarcely magnetie. | 
(B) A Wi of the inferior ſtratum 5 
ſublimed with double its quantity of fal 
ammoniac, with the ſame degree of heat as 
before (which preciſe degree was employed 
in the following) yielded an hemiſphere of 
an hyacinthine colour, and flowers of a very 
fine white; but the reſiduum was of a fer- 
ruginous brown, greeniſh on the upper part 
towards the ſides of the veſſel. A 
(e) To a portion of the iter ſtra- 
tum reduced, was added 20 parts of ſal am- 
moniac, which were ſublimed in a retort; a 
| blackiſh powder remained, which, as well 
as the bottom of the veſſel, by calcination 
put on a green, and by ſcorification an 19 855 
cinthine colour. > 
(o) To the powder remaining (ex was "I 
added a double quantity of ſal ammoniac,- | 
Which was again ſublimed extremely white, 
and the greeniſh maſs which remained was 
of a ferruginous brown at the lower part. 
(E) Sublimation was performed with the 
reſiduum of (v) and a double quantity of fal 
ammoniac, and yielded as before exceeding 
white ammoniacal flowers; and the reſidu- 
um, which was very green, was altogether 
like a calx of nickel diſſolved with the 
ſame colour in nitrous acid, and by reduc- 
tion yielded a regulus of nickel, white, brit- 5 
tle, and very wow ej 1 5 x 
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In esch ſublimation the volatile alkali 
3 firſt, then ſal ammoniac, and finally a 


portion of Wai sid came over inte the 
receiver. ne 


\ 


$ . Nicket: rene. in the Hamid Way "ay 


After ſo many exocriatents! made rl the. 
| via ficea, many others were tried in the way 


of Sinton, ba beginning with the cryſtallized 

ſalt, (which, being compoſed of nitrous acid 
and nickel, ſhall be called nitrated nickel) 
by which, if poſſible, the iron being de- 
nblooutionted, would ſeparate from its men- 
ſtruum. 

(A) Nitrated nickel, ſprinkled during 
eee with charcoal-duſt, ſent. forth a 
large quantity of arſenic, and after reduc- 

| tion yielded a regulus, grey, hen. 

- and magnetic. 

A (3) This being again diſſolved. i in nitrous 
acid, precipitated by fixed alkali, and re- 
1 duced, yielded a — regulus. 

8 (sc) The fame being a third time diſ- 
22 ſolved, yielded 2 n ſemi-ductile and 

| anagnetic. | 

| (p) This operation was repeated a fourth 
=: time. 

= (E) The regulus, when diſſolved a fifth 

| = Sites, was ſo much diminiſhed, that the 

E | | white calx obtained by precipitation could 

| not be any farther examined, 1 
Ig 41 „ 6 
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In all theſe ſolutions à blackiſh reſiduum 
preſented itſelf, which, when ſuffered to re- 
main in the acid, grew white by degrees; 
but when edulcorated, and laid on a burning 
coal, exhaled a ſalphureovs ſmoke, _s left 
2 _— e e in i Nitrous Oe? - 32 * 


Ra Xe Nickel depurated 52 Means of volt 45 
a | Alkali. Fs 18111 as 


8 1 to ade the end of cauſtic 
ws alkali, in depurating nickel, a por- 


tion of the regulus of Cronſtedt, diſſolved in 


nitrous acid, precipitated by fixed alkali, 
edulcorated, and dried, was treated in the 
d e manner: r 8 

(A) 48) parts of this 5 initneriie) in 
a ſuperabundance of volatile alkali, after 
twenty-four hours yielded a reſiduum = 
50, of a blackiſh green, and a ſolution of 
a blue colour, which, when filtered and in- 
ſpiſſated to dryneſs, yielded a powder of a 
light blue colour 282: this, reduced 
with black flux, produced a regulus, white, 


ſemi-ductile, and highly magnetic, 35, nd 


whoſe ſpecific gravity was 7, ooo: the ſco- 
ria which remained was à light red, but, 
mixed with borax, put on an hyacinthine 
colour, which yielded à regulus 30. 
This regulus, united with the former by 
means of fire, was very cee ſo that 
even with the addition of borax it could 
not be fuſed by the blow-pipe : during cal- 
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: cination, with an abundant addition of char- 
_coal-duſt, it did not ſend forth a ſmell either 


arſenical or ſulphureous : in a following 
reduction it yielded an hyacinthine ſeoria, 
and the remaining flocculi, diflolved in ni- 
trous acid, formed a very green ſolution, 
which, upon addition of volatile alkali, let 
fall a powder of the ſame colour. 

(B) From 5o parts of the blackiſh green 
reſiduum was obtained a regulus of a clear 
white colour, brittle, ſquamous, but little 


magnetic, = 13, and of a ſpecific gra- 


vity = 9,3333- A ſcoria of an obſcurely 
blue colour, the upper part of it hyacin- 
thine, was found at the bottom of the veſ- 
ſel. The regulus was eafily fuſed, and tinged 
borax firſt of a blue, then of an hyacinthine 
colour, upon which it grew more ſtrong Bly 


magnetic: by the aſſiſtance of heat it di 


ſolved in nitrous acid, and was of a beauti- 
= blue. During this ſolution a black pow- 

appeared, which firſt floated like floc- 
_— ut became white, and fell to the bot- 
tom; and after edulcoration, being expoſed 
to the fire, was for the moſt part diſſipated 
with a ſulphureous ſmell ; but there ſtill re- 
maihed at the bottom a little maſs of a 
brown colour, ſoluble in volatile alkali: 
this ſolution was precipitated by phlogiſti- 


cated alkali, and a powder thrown down of 


the colour of calx of nickel; this lon grow = 
"Os: with van a. | 4 


CP 


Hence, 
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Hence, tlierefore, it appears; that nickel 


55 eaſily and totally diſſolved in the volatile 


alkali, unleſs the efficacy of the menſtruum 
be nen by the preſence of ſul e | 


8. XI. Wte“ 64 can ſearcely be obtained i in 4 | 
: State of perfect Purity. | 


Upbn conſidering all the experiments 
whine related; it eaſily appears, that it is 
ſearcely poſſible to obrain a perfect and 
compleat purification of nickel from all 
heterogeneous mixture, by any means; at 
leaſt, hitherto known. The ſulphur is with 5 
difficulty expelled by calcinations and ſolu- 
tions (F 111; L; Ix. and x.); arſenic ad- 
heres ſtill more ſtrongly (& III. and 1v.); but 
by means of charcoal-duſt and nitre is en- 
tirely . ee (III. x; VII. B) ; cobalt 
adheres the moſt pertinaciouſly of all; for by 
the addition of nitre its preſence has been 
detected even in products where it could not 
by any other method. No doubt its quan- 
rity had been ſo much diminiſhed by the 
nitre; that in ſolution it was totally im- 
perceptible (F vII. p), would ſcarcely tinge 
borax, and the tinge which is communicated 
is diſcharged with the blow=pipe, by the 
phlogiſton of the charcoal; all which cir- 
cumſtances (as the eolour of cobalt is very 
rich) demonſtrate its being preſent in ex- 
ceedingly ſmall quantity (S VII. E): but 1 
am the rather inclined to think, that even 

Vol. II. 8 | this 
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I ü this ſmall portion may be ſeparated; bes 
li gcauuſe it is certain that the laſt productions 
of the blue colour are not to be aſcribed to 
cobalt but to manganeſe, as we ſhall demon- 
ſtrate more clearly hereafter ( x11.) ; yet in 
practice the ſeparation is extremely' trouble- 
ſome ; for theſe reliquiz, extracted by the 
8 'nitre, envelop the nickel itſelf (which in 
I this operation becomes very ſpongy) and 
—_ -- adhere ſo cloſely to it, that mechanically 
| they cannot poſſibly be ſeparated, and ſcarce- 
1 Illy by menſtrua, as both the ſubſtances are 
| thereby diflolved : by fire too they enter the . 
|  _ \ſcoriz; atleaſt in theſe two methods 1o little 
difference is diſcernible, that unleſs a large 
quantity together be ſubjected to the ope- 
ration, all the nickel vaniſhes together with 
the cobalt. e 
In the preſent caſe then the iron alone re- 
mains, and the quantity of this cannot be 
diminiſhed beyond certain limits; the mag- 
1 net readily diſcovers its preſence, and not 
| only the reguli, tried in different ways, rea- 
* dily adhere to it, but ſome of them actually 
acquire a magnetic power (Sv. 6), a circum- 
ſtance highly worthy of obſervation: but the 
tenacity and difficulty of fuſion, which in- 
creaſe the more as the operations are longer 
continued upon the nickel, plainly ſhew 
that no hope remains of ſeparating the iron; 
io that neither the ſcorifications, nor the ſal 
ammoniac (8 viIII.), nor the nitre, nor the 
| nitrous acid (& Ix. ), nor, * volatile 
8 alkali 
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alkali (S x.), have effected this purpoſe; al- 
though Juncker ſays, that nitre attacks iron 
ſo powerfully that from a pound of ſteel 
_ filings, detonated with an equal quantity of 
nitre, then fuſed and elixated, no more than 85 
half an ounce of crocus 1s obtained. by 
| Beſides theſe heterogeneous ted biſ- 
muth is alſo ſometimes preſent ; but this is 
very eaſily ſeparated ; for if the ſolutions 
made in acids be ſafficiently diluted with 
water, the menſtruum is ſo much weakened, 
and the calx of biſmuth falls to the "— 
| like a white powder. OY | 


$ x11. Whether Nickel be a ditin# Metal. 
It may now be properly enquired, whe-- 
ther nickel be a diſtin metal, or whether 
it be a mixture made by the hands of na- 
ture, from others intimately united? We 
have already obſerved that arſenic, copper, 
cobalt, and iron, have been by various au- 
thors conſidered as its proximate principles. 

With reſpect to arſenic, we may very 
ſafely exclude it from the number, as the 
experiments above deſcribed. bew that it 
may be entirely expelled. 

It cannot be doubted but that copper is 
reſent in ſome ores of nickel, and there- 
fore may eaſily be mixed with the regu- 
lus; but the greater number are entirely 
without it. It is true that nickel is totally 


foluble i in volatile alkali, and that this fo- _ 
8 RY: | luton 
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lation- is. of a blue colour ($ x. );; but if 
this argument held, there would be nothing 
found here but copper; and if this were the 
caſe very different phænomena would ap- 
pear from thoſe which the nickel produces. 


That both theſe ſubſtances form with vola- 


tile alkali ſolutions of the ſame colour, no 
more proves the identity of theſe ſubſtances, 
than does the yellowneſs of the ſolution 
both of gold and iron in aqua regia, prove 


the identity of thoſe metals. Nickel and cop- 
per agree alſo in this property, that they are 


both precipitated from acids, and from vo- 
latile alkali, by iron; but in the manner of 


this precipitation a conſiderable difference 
appears. Let a piece of poliſhed iron be 
1 into a ſolution of nickel, and a yel- 


low pellicle of nickel will by degrees ad- 


here to it ; which diſappears upon touching, 


and ſoon grows black, unleſs the acid be 
well ſaturated or ſufficiently diluted with 
water. A fimilar precipitation is obſerved 
if zinc be uſed inſtead of iron; but in ſo- 
lution of copper ſo much diluted that the 
precipitation on iron may be nearly ſimilar 
to that of nickel, zinc is immediately co- 
vered with a cruſt of the colour of moun- 
tain. braſs. - TI "4 

The experiments above deſcribed ſuffi- 


ciently ſhew that cobalt does not belong to 


the eſſence of nickel (& x. XIII. k); yet to 


theſe we ſhall add the following :—Nickel, 
diſſolved in hepar ſulphuris, is precipitated 


4 * 4 
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„ in a 
by cobalt; with what juſtice then can we 


| br gat thein to be one and the ſame? In the _. © 


ſame way, nickel tinging borax or micro- 
coſmic Alt, in the via ſicca is thrown down 
by the addition of a proper quantity of cop- 
per; but this is not the caſe with cobalt. 
Theſe eircumſtances are ſo remarkable as of 
themſelves to baniſn all doubt. But with 
the acids a remarkable difference conſtantly 
occurs—rſt, Cobalt tinges all theſe menſtrua 
of a red colour, and yields cryſtals either of 
a yellow or bluiſh red; but nickel produces 
ſolutions and concretions of a fine green; 
it ſometimes happens indeed that the red ſo- 
lutions yield greeniſh cryſtals; but this is 
to be attributed to nickel mixed in ſmall 
proportion with the cobalt. 2d, Cobalt, 
united with marine acid, affords a ſympa- 
thetic ink; but depurated nickel does not. 
z. „Cobalt, diſſolved in volatile alkali, is red; 
ut nickel, diſſolved in the ſame alkali, is 
blue. Ath, Cobalt does not, like nickel, ſe- 
parate, upon the addition of arſenical acid, | 
a powder difficultly foluble. Many other 
points of difference there are, which may be 

paſſed over in filence. 
Iron therefore only remains; and been | 
there are many and weighty reaſons which 
induce us to think that nickel, cobalt, and 
manganeſe, are perhaps to be conſidered i in 
no other light than modifications of iron. 
And firſt—in general we obferve, that un- 
wn W of phlogiſton, united to the 
3 ; fame 
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ſame iron, change its qualities in a remark- 
able manner : for inſtance, how very much 


do the different kinds of iron and ſteel dif- 


fer? It is then to be obſerved, that nickel, 
cobalt, and manganeſe, whatever operations 
they may be ſubjected to, are fo far from 
þcing deprived of iron, that on the cont 


they thereby become more ductile, mag. 


_ and refractory. Again, the various co- 
lours which nickel, cobalt, and manganeſe 
exhibit, both by ſolution and by fire, are 


. alſo, exhibited by iron. Cobalt and manga- 
neſe occaſion a red colour in acids, and the 


latter in glaſs; nickel and manganeſe occa- 
ſion an N colour when fuſed with 
borax; 3 à4 green is produced in acids by | 
nickel, as alſo by its calx, and by manganeſe | 


| I), when long and ſtrongly calcined ; and it 


often leaves behind a ſcoria of the ſame CO» 


Jour, if the reduction be performed with a 


ſaline flux. Finally, cobalt occaſions a blue 
or rather a violet colour in glaſs; and the 
ſame is true of manganeſe diſſolved i Wn 1 
and nickel in volatile alkali. ̃ 
Iron too exhibits all theſe varieties for 


the acids take up this metal of a green co- 


Jour, ſo long as it contains a certain quan- 
tity of phlogiſton; but, in proportion to the 
diminution of this principle, a yellow, a red, 

or a browniſh red colour is produced. It 
tinges glaſs, in the ſame manner, green, yel- 
low, black, or red. If expoſed to the fire for 


many hours together, with nitre, the bot 
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FEY and ſides of the crucible, it is true, tran- 
ſude ſaline flowers, either blue, greeniſh 
blue, or greeniſh purple; but an effloreſ- 
cence of the ſame kind is occaſioned by 
nitre alone; for this falt, by a long-con- 
tinued fire, penetrates the veſſels, and im- 
mediately upon contact of ignited phlo- 
giſton is decompoſed, and the alkaline efflo- 
reſcences are made blue by the manganeſe, 
which is always preſent in the circumyjacent 
aſhes; theſe verge more to a green in pro- 
portion as the crocus martis is more co- 
pious; beſides, iron itſelf is often found 
mixed with manganeſe. 

From hence, therefore, it appears, that 
the blue flowers, which were expelled from 
nickel by means of nitre, are the produce 
of manganeſe, as theſe impart to glaſs no- 
thing of the cobalt colour; beſides, in the 
mineral kingdom we find the nephritic, ſmeg- 
matic, ſerpentine ſtones, and jaſpers, clays 
called from their colour #erres verdes, and, 
other green ſtones, lapis lazuli; native Pruſ- 
fian blues and other blue ſtones, together 
with many diyerſitics of yellow and red, all 
deriving their colour from iron. | 

Whoeyer rightly conſiders theſe circum« 
ſtances will think it not an improbable con- 
7 jecture, that theſe ſemi-metals are derived 
from iron, of which they cannot be entirely 
deprived; and from hence will take occa- 
ſion to examine this opinion by new experi- 
ments and obſervations, which may either 

84 ſerve 
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ſerve to eſtabliſh or ' overturn it. In the 
mean time we ſhould be carefully on our 
guard againſt ſuch glimmering lights, which 
are generally fallacious. So long as no one 
is able to produce any of theſe metallic 
bodies from pure iron, and to explain, in a 
clear and intelligible way, the proceſs by 
which manganeſe, cobalt, or nickel, may at 
pleaſure be generated, ſuch vague ſuſpicions 
muſt give way to phænomena and properties 
which are conſtant, and the ſubſtances them- 
ſelves continue to be conſidered of an origin 
altogether diſtinct and peculiar to them- 
ſelves. It is ſufficient for our purpoſes, 
that theſe metals poſſeſs diſtinct properties, 
and always preſerve their own peculiar na- 
ture, until we ſhall be better inſtructed by 
faithful analyſis and ſyntheſis. There is no 
doubt that many metals, which have been a 
done time known and acknowledged to be 
diſtinct ſubſtances, would ſcarcely have en- 
dured more ſevere trials than nickel does. 
By the ſame rule, therefore, ſuch metals 
may be alledged to be compounded. If the 
geneſis of natural productions was to be 
eſtabliſhed by fancied metamorphoſis, the 
whole trüth and certainty of natural philo- 
ſophy muſt ſoon be overturned. * So long as 
plauſible conjectures are ſubſtituted for opi- 
nions formed on the ſure baſe of experi- 
ment, we ſhall always embrace the . 
"yr th ſubſtance. 
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Although the ſynthetical experiments 
which I undertook. with intent to diſcover 
the origin of nickel, were in that view in- 

effectual, yet I think it proper to relate the 
principal of them, that the way may be 


more eaſy to others. The ſpecific gravity 105 


of the copper, iron, cobalt, and white 
arſenic, employed, were 9, 3243. 8,3678, | 
8,1500, and 4,0000, reſpettively. _ - 
(a) Equal parts of copper and iron, 
united by fuſion with black flux, yielded a 
red maſs, whoſe ſpecific gravity was 8,5441, 
which tinged nitrous acid firſt blue, then 
green, afterwards yellow, and at RI an 
opake brown. 
- (B)- Two parts copper, and one of iron, 
united, had a ſpecific gravity equal to 8, 4634. 
The mixture yielded firſt a blue, then; { 
green ſolution. 
lc) Equal parts of copper, iron, and co- 
| balt, yielded a regulus of the ſpecific-gravity 
8, o zoo, which imparts to os menſtruum a 
brown colour. 

() One part of copper, one of i iron, and 
two of arſenic, formed a brittle mixture of 


a ſpecific gravity equal to 8,0468, which 


formed a blue ſolution. 


(r) One part of copper, one of iron, two 
of cobalt, and two of white arſenic, yielded 


a brittle e of a * gravity 
4 | equal 
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equal to 8, 4186, which gave a browniſh 
red ſolution, and in part PPE ſpon- 
taneouſly. 

(7) One part of copper, one of i iron; four 
of cobalt, and two of white arſenic, united 
by fuſion, formed a maſs of ſpecific gravity 


equal to 8,5714 : the regulus, diſſolved in 


nitrous acid, was as in (E), but more red. 

(6) One part of copper, one of iron, four 
of cobalt, and two of white arſenic, acquired 
a ſpecific gravity equal to 8,2941 ; they 
were diſſolved with a red colour, and de- 
poſited a ſediment. 

(u) One part of iron, and four of white 
arſenic; fuſed, were diflolved with a yellow 


colour; and, on the addition of phlogiſti- 
cated alkali, immediately FRO a Pruſſian 


blue. 
All theſe mixtures, expoſed to the fire, 
left a calx, not green, like that of nickel, 
but brown, black, or ferruginous. =, 
(1) One part of copper, eight of iron, 


ſixteen of white arſenic, and four of ſul- 


phur, united by fire, on the addition of 
black flux, yielded a maſs, which, though 
frequently calcined and reduced, yielded no- 


thing but a ferruginous or brown calx : 


with nitrous acid it acquired a greenneſs, 

but on the addition of phlogiſticated al- 

kali, depoſited a Pruſſian blue. | 
(xk) Many experiments were alſo tried in 


the way of ſolution ; one of Ws it will 
be ſufficient to mention. KF De 


One - 
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One part of iron was diſſolved in ſix of 
nitrous acid, and alſo ſeparated by one part 
of copper, and one of the calcined ore of 
cobalt, in the ſame quantity of the ſame 
acid; then the whole of the ſolution of iron 
was mixed with five parts of the ſolution. of 
copper, whence a green and ſaturated nickel 
colour was formed, which, however, upon 
the addition of three parts of the ſolution 
of cobalt, was evidently obſcured: the al- 
kaline lixivium was dropped into this, by 
which at firſt a ferruginous brown ſediment 
fell, the ſolution ſtill remaining green; but 
afterwards all the blue was precipitated, by 
which at firſt all colour was deſtroyed; 
but afterwards a red appeared, occaſioned by 
the cobalt diſſolved in the alkaline ſalt. 
The ſediment, when reduced, yielded a re- 
gulus ſimilar to copper, and ductile, which 
tinged both glaſs and nitrous acid of a blue 
Dean Co et ITY ee 
If a ſaturated ſolution of nickel be mixed 
with half ity quantity of ſolution of co- 
balt, the green colour is much obſcured; 
but four parts of the former, upon the addi- 
tion of three of the latter, put off all ap- 
pearances of nickel, 


$ x1v. Properties of depurated Nickel. 
I have not been able to determine accu- 
rately what are the properties of nickel when 
perfectly pure, as the perpetual preſence of 
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iron in ſome reſpect obſcures its pro- 


| pan; 


(Aa) The ſpecific gravity cannot be aſcer- 
tained, eſpecially as the quantity of iron is 
unknown. 'Let us ſuppoſe that the pureſt 


nickel we can obtain, contains of iron a a 
weight = p, and of real nickel = q ; as alſo 
that the ſpecific gravity of the former in- 


gredient i is f, of the latter n, and of the mix- 
ture a; then, ag * known laws of hy- 


Kroſtattes Now it appears by 


2 


experiment, that the weight of iron is more 


increaſed by calcination than that of any 
other metal, even to o, 36: ſince then the 
calx of purified nickel increaſes 5 (F Iv. 6), 


if one half be aſcribed to the nickel, as 


much muſt neceſſarily belong to the iron: 
beſides, let Z the increment be ſubtracted, as 


_ owing to the charcoal- duſt, nevertheleſs the 


reſiduum ſhews that more than + conſiſts 
of iron. Let therefore p = 1, f = 8,000, 
a =. 9,000 ($ vil. B), q will be = 2, and 
n = 9,600. The data of this calculation 


were ſo taken, that the value of n ſhould 


come out leſs than the truth; for the in- 
crement of the nickel is put "equal to that 
of the iron, which is hardly probable ; then 


the quantity of iron is eſtimated only at 3, 


although it is certainly greater; and finally, 
of the increment is aſcribed to the char- 


coal- duſt, although other experiments ſhew 
that it adds little or nothing to the weight; 
hence therefore we conclude, that the true 


„ PS 
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ſpecific gravity; of nickel is not leſs than 
9, ooo at leaſt. The calculation indeed 925 
poſes that the bulk remains unchanged in the 
- mixture, which is a thing that rarely hap- 
pens ; but the error thence ariſing never ex- 


cCeeds 0,7, ſo far as is yet known, and per- 


haps, in the preſent caſe, is rather to be 
added than ſubtracted. | WS: 

If a ſmall portion of gold entered the 
compoſition, the greatneſs of the weight 
might thenee be explained ; but although 
this metal is almoſt always abſent, as. we 
have before obſerved (S v. 6), yet thirty- 
ſix parts of it, forty-eight of iron, and one 
of copper, were formed by fuſion into a 
globule, the ſpecific gravity of which was 
8,8571, but was little ſoluble in nitroys. 
acid; yet, after lying two hours in the men- 
ſtruum, the gold was to be ſeen plainly, and 
with volatile alkali, the menſtruum yielded 
nothing but a ferruginous brown precipi- 
tate, which in the fire put on the appearance 
of roaſted iron; in all which particulars it 

differs from nich.. 
— _(B) The ſolutions of nickel in all the 
acids are of a green colour. The vitriolic 


acid takes up the calx, and forms a green 


decaedral falt, of an aluminous compreſſed 
figure, the two oppoſite apices truncated ; 
this acid ſcarcely attacked the regulus but 
by evaporation to dryneſs. The nitrous acid, 
by the aſſiſtance of heat, diſſolves both the 
calx and the regulus, and forms blueiſh- 
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green cryſtals, ſpathoſe and deliqueſcent: 


The marine acid diſſolves both the regulus 


and the calx, but ſlowly, and not without 


the aſſiſtance of heat. Both nitrated and 


ſalited nickel, when freſh, deliqueſce ; but 


by long continuance in a free and warm air, 
gradually lofe their acid, fo that at length a 
green calx of nickel, mixed with iron and 
arſenic, remains behind. Acid of arſenic; 
with the calx of nickel, concretes into a 
faline maſs; but with the regulus it 
ſeparates a faline powder difficult of folu- 
tion. The fluor'acid forms with calx of 
nickel (which it does not eaſily diſſolve) 
cryſtals of a dilute green. The acid of 
borax ſcarce diſſolves nickel directly, but 
takes it up by means of a double elective 


_ attraction. Vinegar forms with the calx 
ſpathoſe cryſtals of an intenſely green co- 
our: it is ſcarcely diffolved by acid of tar- 
tar, at leaſt this menſtruum 1s not tinged 
by it. Acid of ſugar changes both the 


lus and the calx to a white powder, 
not eaſily ſoluble in water. The acid of 
phoſphorus has but little attraction for the 
calx of nickel, with which it does not form 
cryſtals, nay the ſolution is ſcarcely green. 
The acid of ants, by decoction or long di- 
geſtion, attacks the newly-precipitated'calx ; 
for the ſolution is green, and upon evapo- 
ration yields cryſtals of a deep green colour ; 
theſe are hemiſpherical, formed of filaments 
diverging from a center, and pellucid ; they 
bt] : | reject 
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reject ſpirit of wine, and are ſcarcely ſoluble 
in water, unleſs it be ſharpened by an acid. 
Lemon- juice does not ſeem to act at all 
upon nickel. FFFFFFTTTTTTTTCT re 
All the acids are tinged of a very deep 
colour, and this property of nickel is ex- 
tremely powerful; for the firſt regulus (5), 
as well as that which is highly depurated, 
occaſions theſe tinges. This great richneſs 
of colour agrees well with the idea of a 
large quantity of matter in a ſmall bulk. - 
- Volatile alkali diffolves nickel, and the 
ſolution is blue; the fixed alkali diſſolves 
very ſparingly, and forms a yellow ſolu- 
tion. 5 | LE Jet 
(c) In proportion as nickel is more pure, 
it is the more difficult of fuſion, ſo that 
when at its great degree of purity it re- 


quires for fuſion nearly as great a degree f 


heat as forged iron: it is eaſily fuſed with 
other metals, but its ſcarcity has prevented 
us from examining the phenomena ariſing 
from hence. In general, however, we may 
remark, that the impure regulas cannot 
unite with ſilver : this muſt be attributed 
to the cobalt which it contains; for When 
well freed from that metal, it eaſily unites. 
in equal proportions with the ſilver, and 
that without any remarkable diminution ei- 
ther of whiteneſs or ductility. This mixture, 
_ fuſed with borax, tinges it of an hyacin- 
_ thine colour. Copper unites more flowly! 


' * 
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with depurated nickel, yielding a red atid 
_ ductile metallic -maſs, which tinges borax 
of a reddiſh hyacinthine colour. With an 
ual or even a greater bulk of tin, nothing 
is produced but a brittle maſs; in which 
reſpe& alſo nickel differs from cobalt; It 
could not be amalgamated with mercury 
by trituration. Depurated nickel melts 
with tin, and forms a brittle; compound. 

It may ſeem doubtful, whether nickel is 
to be enumerated among the ductile or the 
brittle metals. Iron, when fuſed, is almoſt 
always brittle, ſo that its ductility, when 
united with nickel, is very remarkable. 

(v) Depurated nickel is with great diffi- 
culty calcined in the ordinary way in the 
aſſay- furnace, and aſſumes only a brown co- 
lour ; but by means of nitre it is more com- 
pleatiy dephlogiſticated, and becomes green. 
The metallic calx, vitrified with borax, 

produces an hyacinthine tinge, which yet, 
i; occaſioned by a regulus not well depu- 
rated, vaniſhes on continuing the fire, the 
_ glaſs remaining being altogether colourleſs, 
and upon the addition of nitre only alight 
blue tinge is produced, A calx of well-de- 
purated regulus of nickel forms a permanent 
colour. The calx of nickel communicates 
alſo to microcoſmic falt an hyacinthine co- 
lour, which, by long-continued fufion on 
charcoal, may indeed be weakened; but 
r entirely * : this colour, * 

: | 1 
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the addition of nitre, changes to a violet, 
and on increaſing the quantity of niicrotof- 
mic ſalt, becomes again hyacinthine. If 
the calx of nickel be added to ſaturation, 
the fuſed glaſs appears of a blood colour, but 
5 ug cooling ane and more moe” 
ow. 
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8 85 Hiſtorical Introduttion ; 


RSENIC is found i in the bawels of 

the earth; either in a metallic form 

or ye Bur or finally, intimately, and in 
the way of folution, united with ſulphur ; 


this diverſity could not eſcape | the firſt diſ- 


MTs and hence their opinions concern- 
its true nature were angely contra- 


diftory for a long time. 
We are entirely ignorant at what time it 


| began to be diſtinguiſhed from other mine- 


tals, and when it received the name which 
it ſtjll continues to bear. It is extremely 
probable that this ſubſtance was firſt diſco- 
vered by thoſe: who wrought in the roaſting 
and S#uling- of ores, betraying. itſelf by its 

„ ee 


* 


os ax i Bk 
white ſmoak, its garlic ſmell, and its per- 
nicious effects in depraving metals and 2 
ſtroying animal life. Ariſtotle mentions the 
SavIapaxy ; and his diſciple Theophraſtus 
Ereſius ſpeaks of Appemoc, which was called 
| Apcevines by Dioſcorides and others, Who 
lived about the beginning of the Chriſtian 
æra. But theſe denominations compre- 
hended only thoſe minerals which by Pliny, 
and other Latin authors, are called ſandarach 
and orpiment. Avicenna, a chemiſt of the 
eleventh century, who, fo far as we know, 
was the firſt who diſtributed minerals into 
ſtones, metals, ſalts, and ſulphurs, not only 
| ſpeaks of white arſenic, but, what is re- 
markable, of its ſublimate. Theophraſtus 
is the laſt who mentions the regulus, al- 
though he had before referred ſandarach and 
orpiment to the metallic ſtones. It is uns 
known who firſt reduced white arſenic to 
a metallic form. Paracelſus, in his Ma- 
nual, aſſerts that arſenic, ſublimed with 
lime of egg-ſhells, becomes like filver; 
and in the year 1675, *Lemeri deſeribed a 
method of ſubliming arſenic with, fixed 
alkali and ſoap; but in the year 1649, J. 
Schroder ' mentions the regulus eliquated 
from arſenic or orpiment by means of whits. 
flux, charcoal-duft, and iron: he quotes. 
_ Cloſfziis; but does not give the title of the = 
work. In the Pharmacoptia 1644, this 
proceſs is not to be found. 


= T 3 , Avicenna, 


276 dr AR s EN c. 
Auvicenna; and many after him, even to 
nur times, place — 45 among the ſul·k 
phurs: Albertus Magnus and others, among 
the ſaline bodies: * conſiders it as a 
ſoap, or. a ſaline ſulphureous body. Indeed, 
as White arſenie is ſoluble in water, it is 
plain that it contains ſomething ſaline, al- 
though no appearance of ſuch a thing can 
be dilſcovered either in the regulus alone or 
: In its mineralized ſtate. That this ſaline 
ſubſtance is of an acid nature, plainly ap- 
pears from its. ready union with alkalts, 
eſpecially as the celebrated Macquer's cx- 
periments ſhew, that neutral cryſtallizable 
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i it ſalts may be generated from thence ; but 
81 it -until our countryman Mr. Scheele's time, 
1 no one had been able to extract this acid 
us It in its pure ſtate, and the ingenious inventor 
11 has lately deſcribed the method he pur- 
il! ſued. 2 

116 A s to the fol \ureous nature of — hc 
1 which ſome, perſons ſtrenuouſly inſiſt upon, 
"9 it it muſt be confeſſed that the ae U itſelf, 


nay even orpiment and realgar, are inflam- 
mable; a circumſtance-which however does 

not take place with reſpect to white arſenic. 

If ERAS the. ſulphureous quality is to 

be determined from a fingle property (in the 
nume way as the:ſalipe). it appears that it is 

only competent 0 arſenię i in a certain ſtate. 

But beſides arſenic, zinc and ſeyeral other 

bodies, which are eaſily ipflammable, are not 


| however 92 0 thence wy be denominated ſul- 
| phureous, 


2 3 „* . 1 
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koteous, unleſs we will confine that ap 
| 5 7 to the quantity and deu of | 

phlogiſton adapted to inflammation. _ 
It is commonly faid that arſenic minera-' 
lizes metals, and therefore it is conſidered 
as a ſulphur by ſome, who yet extend the 
idea of mineralization ſo far, as under it to 
comprehend all mixtures, whereof a metal- 
forms a part: but if we examine this ſigni- 
fication a little more accurately, we ſhall 
eaſily ſee that it is extended too far; for if 
this be admitted, we muſt at the ſame time 
allow that no native metal is to be found; 
thus the gold, which is. called native, is 
ſcarce ever perfectly pure, but is mixed 
more or leſs with ſilver or copper. In the 
ſame way ſilver is mixed with gold or cop- 
per; platina with iron; copper with gold, 
| filver, or iron; nickel with cobalt, &c. If 
therefore arſenic, which, unleſs in its regu- 
line ſtate, never diffolves other metals (S v1. 
4), be conſidered as a mineralizing ſub- 
tance, what hinders us from faying that 
Sold is mineralized by ſilver and copper, 
and in e every: ew CINE 7 
another 


F* #* we 


mineralized by rhe, as 2 latter are 
ſcarce ever, except mechanically, mixed with 
the ores. 
It is much more conformable to reaſon 
and experience, to call thoſe metals mine- 
. 3 LY ralized 
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ralized. which: are diſolved, and actually N 
conc cealed by a menſtruum. Sulphur is he 
chief ageht employed by nature for this 
purpoſe.; ; and although. the acids of vitriol, 
Far. of 5x x bed and ſometimes even 
acrial acid, occaſion the metals to put 
on an. appearance, fortign to their nature, 
yet the number of theſs. is ſo ſmall, that, 
compared with the Hilpharated minerals, 
they almoſt vaniſh. . 
But the idea of a mineralizing arſenic, 
perhaps, is to be ſought for further. This 
mineral, ſo oblefome to the mineralogiſt, 
occafioned the alchemiſts to ſuſpect the 
exiſtence of a certain arſenical principle in- 
diſpenſably neceſſary to the perfection of 
every metal; a ſuſpicion occaſioned by their, 
ſtrenuous. endeavours, during the proceſs of 
their great work, to diſcover, by. the moſt, 
ſubtile ratiocinations, the true compoſition. 
of metals. Even ſo late as the Year 1773, 
the Royal Academy of Sciences at Berlin pro- 
poſed the following problem: Q arſenico 
in mineris præſente efficiat natura Num d- 
nets evinci queat experimentis quod metalla re 
vera per ficiat ? Et fi ita, quomodo & quouſque. 
Hoc fat? The premium was adjudg ed to 
the anſwer of. the celebrated More in 
Which he, with great ingenuity and truth, 
conſiders arſenic as a ſemi- metal differing. 
from all others; which is ſo far from con- 
ſtituting an eſſential part of the texture of 
metals, that ĩt i is often totally 
| Fr abſent, 


o'r A1 C © 
abſent, and when preſent, is always atrendeg 
by inconveniencies, either carrying it off in 
its departure, or ſpoiling the maſs. Cer- 
tainly good copper is, though not without 
difficulty, eliquated from the grey ore; and 


ſilver, equally perfect, is obtained from the 
vitreous as from the red ore. No one 5 


yet has been able to perfect any me 
by means of arſenic, and if it be fcc 
dentally found mixed with othets, it 116 
more contributes to their goodneſs, than 
the lead in galena is uſeful to the ſilver; 
or the filver to the lead. If recourſe be Bal 
to an arſenical principle fo fubtile as to 
evade the obſervation of dur fenſes, let us 
wh that ſubject to be diſcuſſed By i its aa 

rs. | 

All theſe conſiderations, however juſt, & 
not prevent us from afſerting, that the acid 
of arſenic, like other acids, is a mitieralizin; 
ſubſtance, when at any time, in a diſen- 
gaged ſtate, it meets with a metal in the 
bowels of the earth, and in that form uhites | 
with it. 

Among the chemiſts who have labou 180 
2 this century to diſcover the proper- 
ties of arſenic, the celebrated Brandt muſt 
not be omitted, he being either the firſt who 


obſerved many of them, or at leaſt the moſt 


accurate in their deſcription, Mr, Pott has 

publiſhed a learned treatiſe on orpiment ; 

J. G. Lehman, another on the fandarach of 
; T 4 — - 
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the ancients z and many other books there. 
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bag is nd in a metallic form, i in 


| BY mia, Hungary, Saxony, Hercynia, and 
 effewhere, but particularly at St. Marieaux 
mines in Alſatia, where not long ſince 


many hundreds of it were extracted. In 
Germany it is called Schoerbencobolt, and 
requently Fliegenſtein or Muckenpulver, 


but for what reaſon I know not, as it is not 
ToJuble in water, and therefore, . when 
dephlogiſticated, is not at all proper for the 


urpoſe alluded to by the name; perhaps 

by ſpontaneous calcination it becomes ſo 
muc dephlogiſticated as to 2 a degree 
of ſolubility. | | 

As to its form, it is often . ſhapeleſs, 
friable, and wdery, but ſometimes com- 
pact, Fre into thick convex lamellz, 
with a needle-formed or micaceous fur- 


face. It admits of a poliſh, which yet Is 


ſoon loſt in the air. 


When freſh broken, it appears compoſed 
4 ſmall needle-like grains, with a leaden 
colour, Which yet ſoon grows yellow, and. 
by degrees blackiſh : in hardneſs it ſeems 


to exceed copper in W to e 
antimony. 


Mr 


A regulus 


8 
—V kc 
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va regulus may alſo artificially be procured 
from White arſenic, either by ſubliming 1 
with oil, black flux, or other phlogiſtic ad- 
ditaments ; . or. fuſing it with double its 
weight 8. ſoap and pot-aſhes z. or, finally, 
precipitating it by ſome other metal from 
orpiment or fandarach, fuſed with ſulphur 
and fixed alkali. That which is obtained 
by the firſt of theſe methods has a cryſtal= 
line form, more or leſs regular, octaedral, 
pyramidal, or even priſmatic. Sometimes 
the artificial regulus is ſold in thick cakes; 
its ſpecific gravity is 8,310, and therefore a 
cubic inch weighs about. 43-19 drachms 
avoirdupois. | 

The mineral commonly called miſpickel, 
is juſtly reckoned a regulus, as, when total 
deprived of ſulphur, it conſiſts of arſenic and 


iron united in a 'metaltic form and als 


though the latter amounts to 5 or ſome- 
times even to 2, yet the compound is not 
magnetic: this, When ignited, ſends forth 
an arſenical ſmell, and is thus ſoon rendered 
magnetic, although the operation be per- 
formed on a tile, without any phlogiſton: it 
caſily flows in the fire, and in cloſe veſ- 
ſels the greater part of the regulus of arſenic | 
riſes, . leaving the iron at the bottom; x 
compound. of this kind * alſo be artifi= 
cially made.. 

Reguline arſenic is far more volatile, and 
loſes its phlogiſton more eaſily, than any 
Ader metal, and therefore it cannot be 
| 8 l * 


4202 o 7 41 2 2 1 


fuſed, as for that p purpoſe | a greater degr 
heat is neceſſary thay what is utßckent 0 
calcine, latin, and inflame it. In of 
veſſels it begins to ſend forth a viſible 
ſmoke, in a degree of heat = 1807 of the 
Swediſh thermometer: in order to inflame 
it, the regulus muſt be dropped into a 
veſſel of a proper degree of heat, for if the 
heat be gradually increaſed, the metal is 
volatilized ; the neceſſary degree muſt there- 
fore be inſtantaneouſly applied. The flame 
is of an obſcure whitiſh blue, diffuſing a 
white ſmoke, and a garlic ſmell ; in cloſe 
veſſels it retains its metallic nature, and ex- 
ſed to. the fire is fublimed 1 in a determinate 
e 
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Fx 111. Habits of Mk Arſenic 8 in 
the Via Sicra wt other nn! 


Ry Arſenic in a reguline fol, added to 
metals in fuſion, melts with many of them, 
but thereby thoſe which were malleable 
become ce ſuch of them as flow with 
| difficulty when alone, become more fuſible 
| | means of arſenic ; but thoſe which ſoon 
3 | liquefy (at leaſt tin) become more refrac- 


i — — — ——— — 


tory: thoſe which are yellow or reddiſh are 

made whiter, according to the quantity of 

arſenic; and ſuch as are white acquire a grey 

eolour, tin-excepted, which by this means 

acquires 2 permanent and n 5 
| an 
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and by fuſion is able to retain 4 its o.. 
weight; nor does it ſpoil the colour of plating: 
when united with it. Gold fuſed in a cloſe 
veſſel takes up. ſearcely z%, filver , lead , 
copper 4, and iron more than its own weight. | 
Iron, by means of a large quantity of this 
metal, loſes. its magnetic power, but it is 
difficult to determine exactly how much is: 
ſufficient for this purpoſe (as ſome of the 
iron always enters the ſcoria); but un- 
boubtedly leſs than an equal quantity a 
ſufficient. . | Biſmuth retains about r, Zinc. 
+, regulus of antimony, x, and manganeſe an 
equal quantity. Nickel and cobalt receive 
ſome arſenic, and that not a little; but the 
quantity can hardly be determined, _ = | 
metals are ſcarce, ever got pure. 
of arſenic, in a ſufficient degree of wg 
and by. triture of, ſeveral, hours, actually 
takes up of its own weight of mercury, 
and forms a grey amalgam, || auth & u 008 

By means of heat in an open veſſel the 
arſenic may be again expelled, but flying 
off it generally carries, with it ſome of the 
metal with which it is united, gold and 
filver not excepted, if the degree of heat be 
al and ſuddenly applied; yet platina per- 

reſiſts the volatilization, nay, being 

very ” difgcult of fuſion, it even retnins a 
portion of the arſenic. 

(33) Regulus of . e * Abitech 
by fuſion = alkaline ſalts until the phlo·k 
8 n is ts diminiſhed; if, there. 


—— — — oe 


* 


— 


284 „r ARSENIC 


fore, the reg gulus be added to nitre in fuſion, 
after — & they both eaſily unite, and 
the compound comes out exactly fimilar 
to that made with white arſenic'(F v1. B). 
(e) Regulus of arſenic, expoſed to diſtil- 
lation with the dry acid of arſenic (§ v.), 
ſublimes before it can be acted upon by the 
acid, which muſt be firſt melted; but the 
regulus, when put into the acid in fuſion, 
ſoon takes fire, and ſends forth a white 
fmoke ; for the acid, being deprived of its 
phlogiſton in this inſtance, ſeparates that 
principle from the regulus, and takes it to 
/ itſelf in ſuch quantity as to regenerate white 
aatſenic; and on the other hand, the regulus, 
by means of the fire, is ſo far ſpoiled of its 
111.18 nen, as to appear in the form of a 
1! | cal. 

(v) This tegulus, in diftillation with 
corroſive ſublimate, yields a ſmoking but- 
1 ter, with a ſmall quantity of mercurius dul- 
1 cis and quickſilver. In this caſe the prin- 
ciples are changed; by means of a double 
elective attraction, the regulus of arſenic 
[| pPiields its phlogiſton to the baſe of the cor- 
1 _ rofive ſublimate, which being thereby really 
- calcined, is reduced into perfect mercury, 
1 While the marine acid takes up the calx off 
1 the arſenic. 9 

(E) Sulphur Ar diffolves the regulus ; 3 
and by Mugen and ſublimation yields yel- 
low or red compounds, 5 to the 
e * 6 x. 5). — ſul⸗ 

| ph iuris 
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28 
| phuris takes up the regulus,z-but this laſt 
_ adheres to it ſo looſely, that/it is precipitated 
by every other WOE er can 7 _— 
8 the deren! 15 Sig. i 
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$ ie. Habits of R Reg ulus 17 Arſenic, united 
by the Via. bumida with other Subſtances.” 5 


50 Water alone has no effect in a : 
e | 
(s a) Vitriolic acid dave not attack; 110 
regulus, unleſs concentrated and aſſiſted by 
fire. The inflammable part of the regulus 
phlogiſticating the acid flies off, ſo that the 
remaining part aſſumes the nature of white 
arſenic, and with menſtrua exhibits the 
ſame properties as any ther PREY 


The fame is true of nitrous nk except 

that it attracts the ph logon: more lune 

mently. 
Marine acid has ſcarcely. any effect, un- | 

| leſs when boiling.. . - 

Acid of arſenic, which ſhall be ſain of S 

| hereafter (v.), by digeſtion. changes. the 


regulus into a white calx, and is itſelf al- 


together changed (by means of the phlogiſ- 
ton which it has taken) into a calx, pro- 
vided the phlogiſton be in due quantity. 

The other acids I paſs oyer, as entirely 
teipülag to unite ſo long as the reguline 
form remains; for no metal, except When 


more or Jeſs deprived of phlogiſton, can be 35 
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ſalve both, 


diſſolved in acids. This impediment is — 
eaſily removed by the nitrous acid, but very 
difficultly by marine, as it abounds in pblo- 


giſton itſelf. In this caſe, therefore, the 


ſame compounds are produced with the re- 
gulus, as thoſe with white arſenic, deſcribed. 


ing iI. c. 


It muſt here be e that 8 


af the native regulus always yield a Pruſſian 
blue with phlogiſticatedalkali; which evinces 


the preſence of iron. 
- Beſides; it is to be obſerved, that the re- 


5 —— plainly precipitates certain metals diſ- 


ſolved in acids; ſuch are gold and platina in 


aqua regia, and alſo ſilver and mercury in 


vitriolic or nitrous' acid. The ſilver gene- 
cally: appears in beautiful poliſhed ſpiculæ, 
like the Arbor Dianæ; but if the arſenic be 
ſuffered to ſtand long in the nitrous ſolu- 


tion, but little diluted, the ſilver ſpiculz are 


again diſſolved, the arſenic becoming in the 
mean time dephlogiſticated. Solutions of 
biſmuth and ne are but enn 
rendered turbid. 92 

Atſenic and iron naturally United, as in the 
mipickel, may be ſeparated by dige ſtion with 
marine acid or aqua regia; for the former 
menſtruum in this way only attacks the 
iron; and the latter, although it can diſ- 
yet is not able to touch the 
arſenie ſo long: as any iron remains. In or- 
derzshowever, that all the arſehic may re- 
min alone at the bottom, a very ſubtile 
Een pulverization 
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pulverization is neceſſaty, together with a 
juſt quantity and ſtrength of the menſtru- 
um, and heat muſt al ſo be carefully avoided. 
(c) The alkalis operate more ſlowly in 
the humid than the dry method, as, before 


a real union takes place, the phlogiſton muſt; 85 | 


be diminiſhed, A ſaline hepar, by boiling, 
attacks the pulverized regulus; for that 
which. is precipitated by an acid, Neelds: by 
ſublimation a true orpiment. _ 

(Dd) The fatty oils, when boiling, dis- 
ſolve the regulus, and form a black. maſs * 
W ee arten ele s 


CE * Cattined Arſenic GIN" 


The gui, with a very gentle e | 
loſes ſo much of its phlogiſton that it flies 
off in a white den > all the metallic; 

calxes retain much of their inflammable 
principle, although not ſufficient to give 
them a metallic appearance. The following 
experiments will plainly ſhew, that this is 
true alſo of arſenic. :—Let, calcined. arſenic: 
moiſtened with nitrous acid, be expoſed to 
heat, and a copious red vapour will break 
forth, which, collected, exceeds: away oo 
faut or fite times in bulk ; and. 5 
amination, is found to be no other on 
which. by the celebrated Prieftley ãs called 
nitrous air however, — abounds 
in phlogiſton, ando ſcarcely contains any 
e portiono of ni. 
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trous acid; dilated into an elaſtic fluid by 
the abundance of phlogiſton. In this 1 
the inflammable principle can be derived 


from no other ſource than the arſenic; and 
we ſhall ſoon have occaſion to take notice 
of other proofs. 


The native calx of arſenic occurs but ſel- 


dom in Saxony and Bohemia; but is found 


copiouſly in thoſe places where the ores of 
cobalt are roaſted, and is collected in the 
long and winding wooden tubes uſed in that 
operation. This ſmoke is found ſo loaded 


with phlogiſton, that it appears grey; but is 


ſoon made white by ſublimation, either with 


or without pot-aſhes. This calx is volatile, 


but leſs ſo than the ſemi- metal itſelf, for it 
requires at leaſt a degree of 1957. If in a cloſe 
veſſel it be raiſed by a fire a little higher, 


it becomes pellucid like glaſs. In the air 
its ſurface ſoon contracts a white opacity; 
but that which is found cryſtallized” in the 


bowels of the earth, is not ſubzect to this 
change. The ſpecific gravity of white arſe- 


nic is 3, 706, and that 0 of the hls about ; 


5 %õf6j,& >. + If. | 
It flowly. excites 5 upon the tongue an acid 
ſabdulcid taſte; -: | 


White arſenic-is in amy horhing elſe 


but an acid different from all known acids, 
and loaded with ſuch a quantity of phlo- 


giſton as is ſufficient to coagulate it. 100 


of white arſenic contain at leaſt 20 f 


bog _ and whatever is capable of ſe- 


Parating 
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parating ſo much, is capable of leaving the 
acid pure. This acid (which has been exa- 


mined particularly in another place) is of _ . 


itſelf fixed, but when made red hot decom- 
poſes the matter of heat, gains phlogiſton 
from thence, and regenerates white arſenic, 
which; loaded to ſaturation with phlogiſton, 
becomes reguline. | The dry acid, expoſed 
to a moiſt air, deliqueſces and falls totally 
into a limpid liquor, containing ſo 'much 
water as is neceſſary to the ſolution of the 
acid in a moderate temperature, that is 1 of 
its own weight. 
It is highly probable chat all the N | 
are only different acids coagulated by a 
large quantity. of phlogiſton, although the 
connection of thoſe principles is ſo cloſe that 
we are hitherto ignorant of the means of ſepa- 
rating them. The metallic calxes always 
contain more or leſs phlogiſton, and moſt of 
them alſo contain aerial acid, which they take 
from the ſurrounding air in place of their 
loſt phlogiſton, and pertinaciouſly retain it; 
yet ſome calxes ſeem always to be free from 
that acid, although precipitated by aerated 
alkali: it is alſo certain that white arſenic 
is free from it. But this doctrine will be 
more fully illuſtrated in another place. In 
the mean time it appears from hence what 
eee is to be formed of the ſalts and ſul- 
phurs of metals, although the ideas of the 
ancients upon this ſubject eee much 
obhuritys „ Dog npdgs- odfig anion ee 205 
Vor II. U 8 
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Hence alſo it appears why earths and me- 
tallic calxes fix arſenic. Nickel and cobalt 
| erally abound with arſenic, which can- 
not be expelled by calcination alone; for 
when a great part is diffipated by the force 
of the fire, the reſt either gradually loſes its 

/ phlogiſton and adheres like a fixed acid, or 
is united by fuſion with the metallic earths; 
but powder of charcoal being added during 
the calcination, immediately a large quanti- 
ty of ſmoke breaks forth, which ſmells like 
rlic, and 1s nothing elſe but the arſenical 

acid reduced by e ay to he form of 

A | calx. | 


x VI. Properties of calcined Arſenic mixed by 
the Via Sicca with other Subſtances. 


(A) White arſenic fuſes with the ſame . 
metals as the regulus does, but in a manner 
ſomewhat different : it is true that no calx, as 
ſuch, can be united with metals; but ne- 
vertheleſs the calx of arſenic added to them, 
when fuſed in a crucible, readily unites with 
them; but let it be remembered, that it is 
reduced by the phlogiſton of the fuſed metal; 
therefore, when the metal is an imperfect one, 
ſcoriæ alſo arife, conſiſting of the calcined 
Bee of the metal and white arſenic. 1 
(3) White arſenic injected into Fuſed 
110 excites a violent intumeſcence and ef- 
ferveſcence, but without any ſcintillation ; 
if this addition be continued until a new 


2 FEE. portion 


7 
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* 
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portion excites no motion, and the maſs be 
then well fuſed, the product is called arſe- 
nic fixed by nitre. During this operation 
the nitrous acid 1s volatilized by the phlo- 
giſton of the metallic calx, and the arſenical 
acid, being diſengaged, unites with the baſe 
of the nitre; however, cryſtals. are not ob- 
tained, becauſe by means of the vehemence 
of the fire the alkali is ſuperabundant ; but 
by a juſt proportion of alkali and a due de- 
gree of heat cryſtals may be produced; for 
the vegetable alkali requires a flight ſaper- 
abundance of arſenical acid in order to pro- 
duce cryſtals; this neceſſary ſuperabundance 
may alſo be preſerved in a crucible, provided 
the fire be ſo regulated that the bottom may 
be ſcarcely red; it ſucceeds better however 
in diſtillation. 
The reſidua of the diſtillations, oeiformed 


with an equal portion of priſmatic, cubics _ - 


or flaming nitre, all yield arſenicated alkali, 
which, after ſolution in water, may be eryſ- 
tallized. It is vulgarly ſuppoſed that theſe 
cryſtals cannot be decompoſed by other 
acids, but erroneouſly. It is evident that 
though upon the addition of another acid 
the alkaline baſe unites with it, yet the acid 
of arſenic, being itſelf ſoluble, will yield no 
precipitation, nor even occaſion a turbid- 
neſs; from the want of turbidneſs nothing 
as yet has been eſtimated but the coheſive 
force of the compound: but the error ariſes 
from 9 that chemiſts have ſuppoſed 
, :U 3 that 
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that white arſenic enters thoſe ſalts, when in 


is very ea 
table alkali is not at all, and the arſenicated 
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reality it is only the acid. Therefore, in 
order the more clearly to diſcern the event, 


we ſhould diſſolve the arſenicated vegetable 
alkali (the neutral arſenical ſalt of Mr. Mac- 


uer) in vitriolic acid; this being done, let 
the neutral ſalt be precipitated with highly- 
rectified ſpirit of wine, and waſhed, which 
fly done, for the vitriolated vege- 


vegetable alkali, but very ſparingly, ſoluble 
in this ſpirit. The falt ſeparated in this 
manner from the diſengaged acid is ſoon 
diſtinguiſhable, and in this inftance exhi- 
bits all the properties of vitriolated vege- 
table alkali-: this, therefore, is undoubtedly 


a decompoſition of the arſenical ſalt by way 


of ſolution ; here the alkali has no effect, 
as it is itſelf unable to precipitate. But the 


nature of theſe ſalts wall elſewhere bemore 


accurately examined. 

The digeſtive ſalt, common falt, and fal 
ammoniac, are not changed by arſenic ; ; the 
reaſon of which undoubtedly is, that the 
marine acid is naturally loaded with pal 
giſton. 

(c) Corroſive ſublimate, diſtilled with 
white arſenic, aſcends unchanged, whatever 
proportions be employed. Mr. Pott long ſince 
obſerved, that in this caſe no butter of arſe- 


nic ariſes; and certainly no ſuch can ariſe, 


as the calx of arſenic attracts the marine 


acid with leſs 2 855 than the calx of the 
10 mercury 
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mercury does. Let butter of arſenie mixed 
with calx of mercury be expoſed to diſtilla- 
tion; at firſt, beſore the whole can be de- 
compoſed, a little of the butter is elevated, 5 
but ſoon after a corroſive ſublimate riſes, 
and finally a white arſenic. | 
(D) Fixed alkali with white arſenic 
melts in the fire almoſt in the ſame way as 
nitre, only the phlogiſton flies off more 
ſlowly. Cauſtic vegetable alkali, ignited in 
A cloſe veſſel, fixes about double its quan- 
tity of white arſenic ; but the mineral al- 
kali fixes nearly triple. Cauſtic volatile al- 
kali, drawn from white arſenic to dryneſs 
two or. three times repeatedly, becomes at 
length fo cloſely. united to it that the maſs 5 
bears fuſion by means of fire. : 
Terra ponderoſa and » calcareous cared, 
ſpoiled of the aerial acid by roaſting, retain, 
on ignition in cloſe veſſels, about an equal 
quantity of arſenic; but magneſia, Sur 
clay, and filiceous earth, ſcarcely any. | 
(2) Sulphur eaſily unites | with white 
arſenic, reduces and mineralizes it; hence 
this compound always diffuſes a moſt pene- 
trating odour of volatile vitriolic acid; for 
a portion of the ſulphur yields to the calx 
of the arſenic a great quantity of phlogiſton. 
See alſo & vIII. 1x. and x. 
Saline hepar alſo diſſolves white arſenic, 
but more readily attacks'the regulus. 
Equal quantities of ſulphur, crude arſe- 
ei and white arſenic, unite by fuſion in a 
| 3 cloſe 
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rup of violets green ; it is not changed by 


fall (though flowly) to the bottom. 


with. the metallic calx, yielding the phlo- 


_ Certainly ſuch a mutual commutation of 
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cloſe veſſel, and generate the lapis de tribus, 


magnet; this is md and ſometimes tranſ- 


Solution with other Subſtances. 


(a) 80 parts of diſtilled water, in an heat 
of 15", Gdelre one of white arſenic, and 
when boiling 15 parts of water are ſufficient, 
But the arſenic, when once diflolved, is more 


moderate heat 15 parts can hold one ſuſ- 

ended a long time ; the fame is true of the 
other ſolutions. Solution of arſenic changes 
the deep tincture of turnſole to a red colour, 
but, like other metallic ſolutions, makes ſy- 


neutral ſalts, but is precipitated Pg moſt 
metallic falts, and that in ſuch a way that 
the metallic calxes, united with the arſenic, 


It may be aſked, whether the whole of 
the arſenic, or only the arſenical acid, unites 


giſton to the menſtruum of the other metal? 


principles does not appear improbable, if we 
conſider only thoſe caſes in which the men- 
ſtruum is vitriolic or nitrous acid; but as 
iron (for example) united with marine acid 


Os does not and the Mat" of 
white 
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white arſenic) as well as when it is pn to 
nitrous acid, is precipitated, it would appear 


that the whole of the arſenic is united, at 


leaſt in certain caſes, to the metallic calxes. 

(3) 70 or 80 parts of ſpirit of wine, by 
means of a boiling heat, diſſolye one of 
arſenic. by ORE ALT hoo.” 

(c) Concentrated vitriolic acid, boiled 

with white arſenic, diſſolves a ſmall portion 
of it, which yet upon cooling it again de- 
_ poſits in the form of cryſtalline grains: this 

vitriol diſſolves in water with much greater 
3 than white arſenic itſelf; expoſed 
to the flame of a blow-pipe, it ſoon emits a a 
white ſmoke, but at the ſame time is form- 
ed by fuſion into a globule, which at firſt .. 
bubbles, but ſoon grows quiet, and al- 
though of a white heat is but flowly con- 
ſumed : the white arſenic quickly flies off, 
not being capable of enduring fuſion, and 
much leſs ignition. FE . 

If the affuſed acid be evaporated to dry- 
neſs, the repetition of this operation fixes 
the arſenic more and more, by carrying off 
the phlogiſton, but ſcarcely exhibits the 
arſenical acid pure. 

The fame thing happens with the nitrous . 
acid; when diluted it diffolves the calx, 
which on cryſtallization appears nearly under 
the form of white arſenic, but in its nature is 

a true middle metallic falt, which is diffi» 
cultly ſoluble in water, and expoſed to flame 


upon charcoal exhibits the fame phanome. 


U 4 na 


2 i - 
=> 2 22 N — — — 
* — 4 — a = o — — 
— 1 — - h 9 — — . y = 
8 WOE * ES ro re een, 4 | - + Mt \ p 5 —— —— — — 2 
5 A 5 — 2 r * » — . \ \ 
L N - * ro PS TY — — a — — — — a - T2 p ts wa — 
— - — —— — — — ——— = Z —— — « — : - — — : . 
* » oe dar 2 — 5 —— q . - a+ - > N ants -- bo * . 1 
* 2 3 tee +, + — * — * , 2 » — — = on > 4 
> . : = "$4 
— — VI — . wü 7—·˙——— een — —— * —— a> G6 — — pF — _ ——_— 
. ' 7 
* 
- 


i 
{ 
19 
* 


296 o AR s EN 1 C. 


na with thoſe exhibited by the vitriol of 


arſenic above mentioned, but is conſumed 
ſomewhat more quickly. 


Concentrated' nitrous acid deprives . 
calx of its phlogiſton more effectually; and 


by a proper quantity, if evaporated to dry- 


neſs, the calx may be brought to ſuch a 
Nate that the acid alone ſhall remain. That 
ſubſtance which'is commonly called gum of 
arſenic, is nothing but arſenic more or leſs 


_ dephlogiſticated, but 1 more ſo than 


white arſenic. 


The marine acid contains phlogiſton as 
one of its principles, it therefore attacks 


white arſenic in a different way: when con- 


centrated and boiling it diſſolves + its own 
weight, of which no ſmall portion again 
ſpontaneouſly ſeparates upon cooling, but 1s. 
ſaturated with marine acid. This ſalt, 
which may alſo be had in a cryſtalline form, 
is much more volatile than the former, nor 
does it by any means endure ignition; in a 
cloſe veſſel it all readily ſublimes, and is 
ſparingly ſoluble in boiling water (H1x.D.). 


This ſolution is of a fine yellow, and 


ſcarcely differs from butter of arſenic ex- 
cept in its degree of concentration. The 
very-nature of marine acid prevents the acid 
of arſenic from being diſengaged by its 
means; which yet is eaſily made to appear, if 


to a ſolution of white arſenic in boiling ma- 
rine acid, be added double the weight of 
nitrous acid; the mw being then evapo - 


rat Res 
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rated to dryneſs, the arſenical acid will re- 
main, which, in order to free it from any 
foreign acid, ſhould be urged by fire until it 
begins to be ignited: by this method 100 
parts of white arſenic yield about 80 of dry 
acid. In this operation the nitrous acid acts 
more readily upon the phlogiſton of the 
white arſenic than when it is poured on the 
powdered arſenic ; as in the former caſe the 
ſolution effects a more perfect diviſion of the 
| arſenic: hence it alſo appears why white 

arſenic is diſſolved in greater quantity, and 
without any ſubſequent cryſtallization, 81 =: 
aqua regia than by any other acid. 

The phlogiſticated alkali precipitates 
metals diſſolved in acids, yet leaves arſe- 
nic nearly untouched, both in vitriolic and 
nitrous acids, and in aqua regiaz which 
happens either from the ſmall quantity of 
matter diflolved, or from its nature 
being changed. From the marine acid it ſe- 
parates arſenic of a white colour: in this 
caſe error is carefully to be avoided, for the 
ſolution may be preci n by water alone, 
unleſs the quantity of marine acid be large; 
beſides, the diſengaged alkali, which is fre- 
quently found in this lixivium, muſt be ſa- 
turated by the acid. 

Marine acid is dephlogiſticated by di- 
geſtion with manganeſe, and is reſolved into 
a red vapour, which in a cloſe veſſel ſpoils 
a certain quantity of white arſenic, diffolved 
in water, of its inflammable principle, ſo that 

g the 


net  o&7 'a'n's Em x 6. 


the veſſel is found to contain ſeparately wa- 
ter, acid of arſenic, and marine acid rege- 
nerated; the firſt of theſe may be obtained 
alone by evaporation to dryneſs. 

The power of the other acids upon arſe- 
nic has not yet been ſufficiently examined. 
The acids of arſenic and of fluor diſſolve 
it, and form cryſtalline grains; and that 
= ſedative ſalt has the ſame effect J hardly en- 

tertain a doubt ; although it muſt be con- 
feſſed that borax, which is faturated with 
that acid, does not precipitate arſenic diſ- 
ſolved in water. The acid of ſugar eaſily 
takes up white arſenic, and yields . 
cryſtals; the ſame is nearly true of, the acid 
of tartar: vinegar, and the acids of ants and 
of phoſphorus, alſo attack it, and yield cryſ- 
talline grains, which are ſcarcely ſoluble in 
water, nor have they yet been found to con- 
tract any union with that fluid in the way of 
deliqueſcence. 

From what has been faid it appears plain- 
ly, that ſolutions of arſenic made in acids, 
in certain caſes depart from their uſual 

nature; which we have already ſhewun to be 
owing to the adherence of the phlogiſton 

being ſo looſe that the acid of arſenic is rea- 
ay ſet at liberty. 

(p) The fixed alkalis diſſolved in water: 
wake up white arſenic; and if by means of 

heat they be loaded with it, a brown tena- 
cious maſs is produced, which acquires fo- 

7 Md is of a — ſmell, and is called 
hepar 


= 
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hep ar arſenici. The arſenic i is partly preci- 
| pitated by mineral acids, though a portion of 
it gradually loſes its phlogiſton and adheres 


more tenacioully. 

A ſolution made with volatile alkalj 
ſeems to effect this decompoſition more rea- 
dily, as no precipitation is occaſioned 1 in it 
by acids. 

(2) A limpid ſolution of faline Pep 
dropped gently into a ſolution of white ar- 
ſenic, floats, forming upon the ſurface a 
grey ſtratum, which at length diſturbs the 


- Whole of the liquor. 


(.)) White arſenic, diſſolved in water by 
the afliſtance of heat, attacks ſome metals, 
particularly copper, iron, and zinc, nay the 
two laſt ſolutions yield cryſtals by evapora- 
tion. Theſe compounds are not ' viſibly. . 
changed either by acid or alkaline ſub- 
ſtances. Volatile alkali does not diſcover 
the copper by a blue colour, nor in the 
martial ſolution does phlogiſticated alkali 
gecaſion any blue fediment. The cauſe of 
theſe phænomena is to be ſought for in the 
eee of phlogiſton: for the acid 
af arſenic takes up all metals; united with 
copper it is diffolved by the volatile alkali 
with a blue colour, and joined with iron it 
exhibits Pruffian blue in the uſual way : the 
phlogiſton which coagulates the acid into 
white arſenic, is the ſubſtance which ia 


theſe mixtures conſtitutes the dan N 5 
e * | 
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S vIII. Mineraliaed Arſenic. _ 


We have already obſerved that arſenic, 


both reguline and calcined, may be united 


with ſulphur. (F 11. vI). Nature ſponta- 
neouſly produces theſe mineralizations yel- 
low or red, ſometimes: pellucid and cryſtal- 
line; the yellow ſeem to affect a es 
form, the red a priſmatic. 
In the roaſted heaps of arſenical ores, 
there frequently are found beautiful cryſtals, 
partly tetraedral, partly octaedral, ſome of 
which are hollow pyramids trigonal or te- 
tragonal, each triangle being compoſed. of 
filaments reſpectively parallel to the fides : 
thus an hollow trigonal pyramid, frequently 
filled up with lefler pyramids continually 
_ decreaſing in fize, forms a tetraedrum; but 
$ tetraedra, properly. diſpoſed, form an oc- 
taedron. Thus in the via ficca is formed a 
ſtructure entirely ſimilarto that which com- 
mon falt, digeſtive falt, and perhaps all 
others, aſſume in the way of ſolution. - 
Iron at the ſame time entering theſe mi- 
neralizations, renders the colour white, to- 


_ - gether with a poliſhed and metallic appear- 


ance. To thisclaſs belong the ores, which 
are commonly called white or arſenical 
pyrites. Arſenic with ſulphurated filver 
forms the red ore of filver, BE with ſul- 
3 filver and copper, the white or 


8 * 
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grey ore of ſilver; it appears to be only 
mechanically mixed with the cryſtallized 
ores of tin, and the calcined ores af co- 
balt. 

The ſpecific gravity: of pine 18 5. 31 2 
but that of realgar about 3,225. | 
Orpiment and realgar ſublime. totally in. 
a. gentle heat, unleſs they be. mixed with 
other ſubſtances ; yet they ſuſtain fuſion, and 
the former of them is thence made red. 
The arſenical pyrites yields a ſublimate more 
or leſs white, in proportion to the. quantity 
of ſulphur; but the greater part of it does 
not ſublime, but remains at the bottom. 


S 1X. | Properties of mineralized Arſenic mixed 
by the Via Sicca with other ee K 


(a) Of thoſe metals which readily unite 
with ſulphur and arſenic, a certain quantity 
may be united with orpiment and realgar. 
We have already mentioned the ſtone called 

pyrmiſon (F vi. E), and many other ores 
of this kind (F viIII.), which may alſo be 
artificially imitated, Silver, mineralized by 
_ fuſion with orpiment, yields the red ore of 

Hilver. The reſt may be formed ſtill more 

ih 
(3) Nitre is alkalized by bin ar- 


ſenic, for it detonates partly with the ſul- 


phur, partly with the arſenic, which when 
mineralized:1 is always found 1 in a form nearly 
_ reguline. 
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reguline. The alkali thus diſengaged, either 
Forms a dal polychreſt with the acid of the 
ſulphur, or unites intimately with the ar- 
ſenic (F vi. ). END 
. (©) Fixed alkali, added in proper quan- 
tity, either to orpiment or realgar, and ex- 
zoſed to a ſubliming heat, fixes the ſulphur, 
ut diſcharges the greateſt part of the ar- 
ſenic; yet the hepatic maſs retains a ſmall 
quantity of it, and if the alkali abounds, 
ſcarce any of the arſenic rifes. | 
(D) Orpiment, on diſtillation with dou- 
ble or triple its quantity of corroſive ſubli- 
mate, yields two liquids which refuſe to 
mix ; at length, on increaſing the heat, a 
cinnabar ariſes. In the recipient, a butter 


pl arſenic is found at the bottom, pellucid, 


of a ferruginous brown, which in the open 
air at firſt ſends copiouſly forth a viſible 
White ſmoke, and attracts the moiſture of 
the atmoſphere, by which it is gradually 
precipitated. The geneſis of the butter has 
been already explained (4 111. D; vi. c); it 
is very remarkable that it unites with marine 
ucid fo flowly, that they ſeem to repel one 
another, nor ean they be made to unite be- 
yonda certain degree. Diſtilled water added 
do the butter precipitates a white powder, 
which though ever ſo well waſhed, retains 
ſomewhat of acidity ; for a portion of butter 
of arſenie is yielded on diſtillation ; a eir- 
eumftance which is alſo true of Algarotti's 
powder. The ſmoke affects the organ of 


ſmell * 
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| ſmell with a peculiar penetrating odour, 
ſomewhat reſembling that of phlogiſticated 
vitriolic acid, and depoſits white flowers. 


The ſupernatant liquor, which authors” 


compare to oil, is yellowiſh and pellucid; 
with water and ſpirit of wine it quickly 
ſeparates a white arſenical powder; is not 


diſturbed by the ſtronger acids; with alkalis 


it efferveſces, and is precipitated. If it be 
kept in a cucurbit with a long neck, and 


unſtopped, white flowers gradually concrete 


round the orifice ; theſe are lax, and ſome- 


\ 


times approaching to a cryſtalline form. 


Finally, by ſpontaneous evaporation pellu- 


cid cryſtals appear at the bottom of the 


_ "liquor, which are very difficultly foluble in | 


boiling water, but when diſſolved, precipi-' 


tate ſilver from nitrous acid, and on the ad- 


dition of an alkali, let fall ſome arſenic. 
In lime-water a white cloud flowly ſur- 


rounds them; expoſed to the fire, they 


neither decrepitate nor loſe their tranſpa- 
rency, but totally ſublime without any at- 
ſenical ſmell, which yet immediately ap- 
pears, if ignited phlogiſton comes into con- 
tact with them. No traces of mercury ap- 
pear in this liquor, either by alkali or 
copper ; undoubtedly, if any ſablimate was 


preſent, it would remain in the water after 
the precipitation of the arſenic. Terra pori-* 


deroſa, diſſolved in marine acid, and dropped' 
into this liquor, does not form even the 


llighteſtt 


4 
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ſlighteſt congrumation, ſo that chere is no 


vitriolic acid preſent. 


From what has been ſaid it appears, that 


the ſupernatant liquor is no other than a 


very dilute butter of arſenic, which, on ac- 
count of the water, contains leſs arſenic. 
The butter contains the acid in its higheſt 


degree of concentration, and therefore loaded 


with a larger quantity of arſenic; the former 


liquor will therefore be more abundantly 


obtained, if the mixture of corroſive ſub- 
limate and arſenic be ſet to ſtand a night in 
a cellar, or moiſtened with water, before it 
is ſubjected to diſtillation. As the common 
marine acid can diſſolve only a determinate 
quantity of the butter, it follows, that what 


remains after compleat ſaturation ſhould 


totally refuſe to mix. Marine acid too much 
diluted precipitates the butter ; but in pro- 


portion as it 1s ſtronger, it diſſolves a greater 


d 


8 . Properties of miveralized Arſenic 
mixed by Solution with other S ubſtances. : 


(A) Water has no effect on mineralized 
ROS; a 

(B) The acids operate according to cir- 
cumſtances, eſpecially the nitrous acid and 
aqua regia; the former menſtruum, if con- 
centrated, ſoon deſtroys the red colour of 
realgar, but does not affect the e | 
LH LE 3 mT 
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of orpiment, for its primary action is to 
Calcine the arſenic, which in realgar 'muſt 


ep change the red colour to a vel. 


low. 


Aqua regia, by long digeſtion; aka up 


the arſenic, but ſo as to leave the ſulphur 
alone at the bottom; hence we may diſco. 
ver the proportion of ſulphur to arſehic. But 
this operation muſt be ſkilfully performed, 
leſt on the one hand, by the inertneſs or 
inſufficient quantity of the menſtruum, 
ſome part which ſhould be taken away re- 
main untouched ; or, on the other, leſt that 
portion which ſhould remain entire be di- 
miniſhed. The colour of the refiduum 
ought to be altogether grey, for ſo long as 


any yellow particles remain mixed with it, 


ſome of the arſenic alſo remains. By too 


much heat, or too long boiling, eſpecially 


if the nitrous acid be ſtrong, more or lefs 
of the ſulphur is alſo deſtroyed ; for the 
nitrous acid takes away the prineiple of in- 
flammability from the vitriolic, ſo as to ſet 
the latter at liberty. 

If iron be preſent in the mintralization, 
it is all diſſolved in virtue of its ſuperior 
attraction before the arſenic is acted upon, 


unleſs it be too much calcined during the 
| operation, either by heat, by the acceſs of 
air, or by the "your ts of the men- 


ſtruum. 
The red ore of ſilver is completely de- 


compoſed by aqua fortis, which takes up 
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the filver and the arſenic, ſo that the n 
alone remains at the bottom; by this me- 


thod, 100 parts of the tranſparent cryſtals 


yield about 60 of filver, 27 of arſenic, and 


13 of ſulphur; iron is not always preſent. 


I The white ore of ſilver, rſt treated with 


aqua fortis, lets fall the filver and copper, 


and then yields the remainder of the arſenic 


to aqua. regia, fo that at length the ſulphur 


may be obtained pure: — diſſolved ſilver 


may be precipitated by copper. 
(cc) Cauſtic fixed alkali, boiled in water 
with orpiment, yields a fœtid hepatic ſolu- 
tion, called by ſome a ſympathetic ink. 
Orpiment boiled in water, with Howble 


the weight of quick- lime, affords a liquor 


which may be employed for proving wines; 
in this caſe the hepar calcis operates. Thefe 


ſolutions, upon the addition of acids, depo- 


fit both the ſulphur and the arſenicg. 
(5) Oils too, affifted: by heat, diſſolve 


. both a and e 
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get iD the uſes of this metallic fub- | 
Nance, we can only treat in a very light 


** 


| Way. 


It can n hardly be doubted but that it may 


; be applied to e purpoſes in medi- 


eine, and experiments have long ſince put 
1 matter Fer out of doubt; but with 


relpect 8 


bes 
4 


| reſpect both to its doſe and preparation, the 
- Utmoſt caution is neceſſary. From the pro- 
perties diſcloſed. by the foregoing experi- 
ments, it appears that this moſt virulent of 
all poiſons acts in the manner of an highly 
corroſive acid, and that even externally 
(F v.). Since then phlogiſton and alkalis 
are the moſt powerful correctors of acid 
acrimony, it will readily oecur how it may - 
be mitigated, and its deleterious effects ob- 
viated. Hence too it appears why realgar 
is leſs noxious, why the regulus is milder 
than white arſenic, and this again milder 
than the dry acid; and why the baths of 
Carſbbad, which contain a mineral alkali 
only, united with aerial acid, are extremely 
uſeful in diſeaſes occaſioned by arſenic : 
why arſenic, taken internally without the 
neceſſary correction, occaſions. by its irri- 
tating quality conyulſive motions; among 
other ſymptoms; both in the ſtomach and 
other parts of the body: 'To paſs over other 
matters, which from the chemical analyſis 
of arſenic might be uſeful in the practice of 
medicine, this only I add, that of all the 
metals arſenic moſt eaſily loſes its phlogiſton 
(F 11.) ; therefore we ſhould be cautious in 
confiding to phlogiſtic eorrectors, as the 
polagition may be ſeparated in the viſcera 
by many different ways. The inſtance of a 
wan, poiſoned by arſenic, who was diſſected 
in the anatomical theatre at Upſal, ſhewed 
that the dene * garlie ſmell may be 
SIO L 2 | 


excited 
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excited ſimply by a tendeney t to the Funn 
factire fermentation. | © | 
The pſilothrum turcicum contains orpi. | 
ment, among other ſubſtances ; but its de- 
pilatory power is perhaps more properly 
aſcribed to the cauſtic alkali. 
_ +». Philoſophers are wont to evince the ex- 
traordinary poroſity of bodies, and the won- 
derful ſubtilty of vapours, by the ſympa- 
thetic ink (S x. c.); for writing made with 
vinegar of litharge, by itſelf inviſible, ex- 
poled to the vapour of this liquor, becomes 
in a few minutes of a brown colour, even 
though a great many folds = 8 be in- 
5 terpoſed. | 
Wines naturally acid, or grown for by 
age, {till continue to be edulcorated by lead, 
notwithſtanding the puniſhments attending 
the detection of this fraud: it is therefore 
of great conſequence to be in poſſeſſion of 
an eaſy method of diſcovering ſuch a ſo- 
phiſtication. For this purpoſe the proba- 
| _y liquor ( x. c.) is commonly employ- 
; for this, when dropped into pure wine, 
ao nothing but a yellow precipitate, 
but when the wine is adulterated, a brown 
or black. This may alſo be done by a 
ſaline hepar ; but fraud and avarice have 
contrived methods of eluding this proof, 
unleſs chemiſtry lend its aſſiſtance; for if a 
- ſmall quantity of chalk be contained i in the 
wine, 455 ſaline hepar fails, for the white 
eee — alles, diminiſhes the 
9 blackneſs. 
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blackneſs. A large proportion of / tartar, 


renders the probatory liquor ineffective, as 


hn. 


the tartareous acid forms with the lime a 
white ſalt very difficult of ſolution. | 
Arſenic ſometimes enters metallic com- 


poſitions, eſpecially copper and tin ; but it 


is much to be wiſhed that ſuch: compoſi- - 
tions were baniſhed, at leaſt from the kitchen. 
Shot made of lead is meter hardened = 
orpiment. 

Regulus of arſenic enters. into the compo- 
ſition of Meuder's phoſphorus. The power 


of the calx in vitrification was long ſince 


known to Geber, and therefore it is fre- 
quently employed in glaſs-houſes, either for 


_ facilitating fuſion, for acquiring a certain 


degree of opacity, or, finally, for carrying 
off phlogiſton. The method in which 
mountain cryſtals, placed over orpiment, 
white arſenic, crude antimon 7, and fal am- 


moniac, mixed in a crucible, are tinged by + 


means of heat, is deſcribed by Neri, and 
upon trial this is found to be true; I have 
thus obtained theſe cryſtals beautifully 


marked with red, yellow, and opal ſpots, - 


but at the ſame time cracked, which h 
erk be avoided. 

In painting too the artiſts ſometimes em- 
ploy arſenic. Painters in oil frequently uſe 
both orpiment and realgar; and it is pro- 
bable that wood covered with a pigment 
mixed with white arſenic, would not be 
liable to 1 ſpoiled by worms. A moſt 

| X 255 beautiful 
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beautiful green pigment may be Pretiptse -- 
from blue vitriol, by means of white arſenic 
diſſolved in water, together with vegetable 
alkali; this, prepared either with water or 
oil, affords a colour which ſuffers no chan 
in many years. The playthings of children, 
however, ſhould not be painted with this or 
1 any other preparation * rſenic, on account 
1 of their cuſtom of putting Wy thing ir into 
= their mouths, | 
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T HE F which at 58 is 
called Zinc, was not known ſo much 
as by name to the ancient Greeks and Ara- 
bi. The name which it bears at preſent 
firſt occurs in Theophraſtus Paracelſus (@) ; 
but no one as yet has been able to diſcover 
the origin of this appellation. A. G. Agri- 
cola calls it contrefeyn (6) ; Boyle, EA 
trum (e): by others it is denominated ſpe· 
auger, and Indian tin 4). A Mas- 5 


In operibus, paſſim. 
3 De re e | 


6 Ponderab. flamme. 
(4 Fœda trifda chyrmaica. 
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312 or THE ORES OF ZING, 
nus, more properly called Bolſtadt, who - 


died in 1280 (e), is the firſt who makes ex- 


"reſs mention of this ſemi- metal. He calls 
it golden marcaſite, aſſerts that it approaches 


to a metallic nature, and relates that it is 
inflammable. However, as zinc is white, 
the name of golden marcaſite is not very pro- 


per ; it would therefore appear probable, 
that it derives that name from the golden 
colour which it communicates to copper, 
had not Albertus expreſsly ſaid, that cop- 
per united with golden marcaſite becomes 
white ; but he has probably either miſ- 
uaderſtood or miſrepreſented what he had 
heard related by others. It may alſo hap- 
pen that zinc was formerly thought to con- 
tain gold. J. Mattheſius, in 1562 men- 
tioned a white and a red zinc ( / ) ; but the 


| yEllowneſs and redneſs are only to be un- 


derſtood of the ores. Hollandus, Baſil Va- 


Gs lentine, Aldrovandus, Cæſius, Cæſalpinus, 


% 


. 


Fallopius, and Schroeder, obſerye a pro- 


found filence on that head (g). 


Ihe eaſtern Indians have long ſince been 
in poſſeſſion of the method of extracting 


pure zinc from the ore, at leaſt, in the 
courſe of the laſt century. This metal was 


brought from thence to Europe. Jungius 


\entions the importation'of Zinc from in, 


(e) In libro mineralium. 
) Sarept˖a. 
er) FotronZinc. |. 
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dia, in 1647 (5): a metal of this kind, un- 
der the name of tutenag, is ſtill brou 7 
from thence, which muſt be carefully G | 
tinguiſhed from the compound metal of 
that name. G, E. van Lohneiſs tells us, 
in 1617, that a long time before zinc had 
been collected by fuſion at Goſlar (i). It 
has been long ufual to form orichalum from | 
the ores of zinc by the addition of copper; 
but it does not yet appear at what time this 85 
art was Aer Pliny makes mention of 
the orichalum, as alſo of three ſpecies of 
Corinthian vaſes, one of which is yellow, 
and of the nature of gold (4). Eraſmus 
Ebner of Norimberg, in the year 15 50, was 
the firſt who uſed the cadmia of Goflar for 
this purpoſe. 
In the year 1721, Henckel indes men- 
tioned that zinc might be obtained from 
lapis calaminaris by means of phlogiſton, 
but he conceals the method (7). The cele- 
brated Anton. van Swab. in 1742, extracted 
it from the ores by diſtillation; at Weſter⸗ 
wick in Dalecarlia (n). It was determin- 
ed to found a work for the purpoſe of ex- 
n larger quantities of this ſemi-metaF; * 


(5) De mineralibus. "Mk 

(i) Bericht von Bergvercken, 

(4) Hiſt, Nat. xxx. c. 2. | | 

(7) Pyritologia. 1 | 

(n) Elogium magni hujus menlurgc en, R. Acad, 
Stock. recitatum. | 7 


— 
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but 8 for various reaſons, this pro- 
ject was laid aſide; therefore the illuſtrious 
Margraaf, not knowing what had been done 


by the Swediſh mineralogiſts, in the year 
| 1746 publiſhed a method of — | 
this operation, which he had diſcover 


himſelf (u). 

It is not known how zinc is extracted; in 
China. A certain Engliſhman, who ſeve- 
ral years ago took a voyage to that country 


4 


for the purpoſe of learning the art, returned 


ſafely home, indeed, and appears to have 


been ſufficiently inſtructed in the ſecret, but 
he carefully concealed it. We find after- 
wards that a manufactory had been eſtab- 


liſhed at Briſtol, where zinc is ſaid to be ob- oy 
tained by diſtillation per deſcenſum. - We 


have already ſeen that it had been before 


obtained in Sweden by diſtillation per aſ- 


cenſum, which afterwards was effected in 
larger quantity, by Meſſ. Cronſtedt and Rin- 
man, two very « celebrated mineralogiſts and i 


metallurgiſts. 


The difficulties occaſioned by the volatile 
and combuſtible nature of this metal, for a 


long time retarded the knowledge of the 


ores containing it ; nor is that wonderful, 
as, being of a metallic form, it has even to 


our times been conſidered as compoſed of 
two or three ingredients, Albertus Mag- 


| (=) Mem. de Acad. de Berlin. 
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nus thinks iron an ingredient ;' Paracelſus 


called it a ſpurious fon of copper; Leme- 
ry holds it to be a ſpecies of biſmuth; Glau- 


ber, and many alchemiſts, confider it merely” 7 


as an immature ſolar ſulphur ; Homberg, as 


a mixture of tin and iron; Kunckel, as 


coagulated mercury; Schluter, - as tin made | 
brittle by ſulphur, &c. 

The ore, which reſembles. true galena, i is 
called pſeudo galena; and is for that reaſon, 


perhaps, by the inhabitants, called blende, 


as in texture and ſplendor it reſembles the 


| blends, though it contains no-filver. The 


celebrated Brandt, in 1735, ſhewed that 
this contained zinc (o); and ſoon after D. 
Swab actually extracted it from the Bolog- 
nian pſeudo galena, which poſſeſſes a _ : 
tallic ſplendor. The Baron Funch, in 
1744. deres the preſence of zinc in 
ſeudo galena from the flame and the flow- - 
ers (); and in 1749 Mr. UII: ſet the 
matter out of doubt 
Zinc cannot” be united with ſulphur 
alone, yet is found joined with it in the 
ſeudo galena; and this conjunction Mr. 


Cronſtedt (9) thinks is effected by means of 


iron; but Mr. Sage (7) ſuppoſes that in this 
inſtance an earthy hepar is formed by means 
of lime. 
(e) AR. Upfal. 
(p) Act. Stockholm. 
( A. Cronſtedt Mineralog, 
(x) Ry de PAcad, de Paris, 1777. 
| | Julius, 


* 
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x Julius, in the year 1570, undertook, at 
it Rammelſberg, the preparation of a cer- 
19 . tain ſalt, which he called Ertz-alaun, but 
. which we now meet with under the name 
. of Gallizenſtein. No one, before 1735, knew 
— the true compoſition of this ſalt; but about 
14 that time D. Brandt publiſhed two obſerva- 
I 1 tions explaining its nature; for he found 
[| that this ſalt calcined, and then treated with 
1 charcoal-duſt and copper, formed braſs ; 
id and alſo that zinc, directly diſſolved in vi- 
| triolic acid, formed a falt of the fame na- 
| ture as gallizenſtein. In the ſame year Mr. 
Helot communicated the latter of theſe ex-- 
1 periments, made by himſelf, to the Royal 
| is Academy at Paris, proving that white vitriol 
Þ: is a middle falt compoſed of zinc and vitrio- 
W lic acid. ring! 4 5 e 
| Mix. Sage has lately attempted the analyſis 
1 of lapis calaminaris, in which he aſſerts that 
5 zinc is mineralized by marine acid. The 
iN fame author contends that zinc is found in 
|! manganeſe (/); and Dr. Bayen relates that 
4 be diſcoyered it in the white ores of iron (): 
0 but they have both miſtaken manganeſe for 
| zinc (u). 14 5 Fe, 


W Y Mem. de VAcad, de Paris, 1770. 
\ (:) Journal de Phyſique, par Mr. Rozier, 1 7 55 
(2) See the Treatiſe on the White Ores of ro 


3 II. Zinc 
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8 11. Zine. is 1 to us by Nature 
| under a V. ariety of. Forms. | 


It is not yet certain whether zinc be ever 
Found native, unleſs we ſuppoſe the grey, 
flexible, metallic, inflammable filaments, - 
ſurrounded by yellow ochre, which Mr. 
de Bomare obſerved in the neighbourhood 
of Limburg and Rammelſberg, to be pro- 
duced ſolely by the hands of nature (x). In 
order to diſcover their true origin, they 
muſt be attentively conſidered, and their 
nature ſolicitouſly inveſtigated in the ma- 
trixes. In the mean time, it will be pro- 
per briefly to deſeribe the habitudes of per- 
fect zinc, when expoſed to flame upon char- 
coal. This ſemi- metal ſcarcely melts alone 
by the blow- pipe, as its whole ſurface is 
quickly covered with a calcined cruſt; but 
the internal maſs, fuſed and expoſed to 
ſtrong heat, now and then explodes with. 
a beautiful . greeniſh blue flame, and diſ- 
perſes 1 white ee 

A ſmall piece of zinc is taken u with 
efferveſcence by microcoſmic ſalt in fuſion ; 
at the ſame time it ſends forth many flaſhes, 
with a crackling noiſe ; but if the heat be 
too great it explodes, eaten about 18 
nited F 8556 


"(#F De Bomare, waage 3 
Denne 


= d |, _ , 
- N * 
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Borax takes up zinc with a degree of ef- 
ferveſcence, and the fuſed regulus at firſt 
tinges the flame; if the blaſt be intermit- 
ted it ſends forth a flaſh, and afterwards it 
is difficult to reproduce the  phznomena ; 
but the regulus is gradually diminiſhed, 
and the maſs of borax ſpreads upon the 


3 charcoal without any exploſion. 


4 
* * 
* 

© 


| HE The mineral alkali, expoſed to heat with 
4 _—_ in a ſilver ſpoon, corrodes it, but 
without any tinged flame, or any explo- 


P * 
: 


eee 
Ihe ores containing zinc differ much 


=—_ . in appearance and properties; but fo long 
9 aks the uncertainty of the exiſtence of native 
| | 2 . zinc remains, they may, agreeably to their 
if nature, be divided into two claſſes, ſome 
| [| Containing the ſemi-metal imply deprived 
{| of phlogiſton, the others holding it mine- 
| kralized, either by ſome acids, or united to 
| _  ulphur by the means of iron. 
e eee OY Rn 
0 (A) Pure zinc, calcined in diſctete parti- 
9 cles, is extremely rare. To this we may refer 
1 the zinc brought from China by Grill, and 
lx "deſcribed by Von Engeſtrom in the year 


1 17 (2). 
00, The Chineſe zinc, upon examination, yields 


90 ſcarcely half a pound of lead in an hundred. The zinc 
45 of Goſlar contains ſomewhat more; but neither the one 


nor the other yields the ſmalleſt particle of iron. 


|  () AR. Stock. 1775. 


7 That | 


That the compariſon with native zinc 
may be more eafily made, it will be neceſ- 
ſary to deſcribe briefly the habitudes of 
flowers of zinc, as examined by the blow 
pipe. Theſe flowers, expoſed alone to the 
flame on charcoal, put on a phoſphoric 
ſplendor, which en when the flame 
intermits: they alſo remain fixed and re- 
fractory. 

With microcoſmic falt they are readily 
diſſolved without ſpumeſcence: upon cool- 
ing, the globule remains tranſparent, if the 
zinc amounts to leſs than double the bulk 
of the ſalt; if to more, the globule is mil 
ky. In proportion as it is more ſaturated, it 
adheres the leſs to the charcoal. 

With borax the ſame thing dae Unt 
che flowers are more ſlowly taken up; and in 
proportion as the globule is more loaded, it 
expands more upon the charcoal. 

In a ſilver ſpoon, with mineral alkali, 
they ſuffer no ſenſible change. © 

(B) Calcined zinc, mixed in various pro- 
portions with earthy and ferruginous parti- 
cles, commonly called /apts calammarss, ”” 
employed in the compoſition - of braſs: 
1s of a ferruginous, yellow, or white: ee 
and generally hard; but the hardneſs is 

not the ſame in all, nor is it ſufficient to 
ſtrike fire with ſteel. 
Theſe minerals exhibit with this" Show 
| Pipe the fame phænomena as the preceding 
varieties, except thoſe: which aboaund in 


iron 3 
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iron; for the ſubtile powders of theſe laſt, 


expoſed to a white heat, are of a more ob- 
{cure colour, and are magnetic (a): The 
microcoſmic falt contracts with them the 


| colour of ſmoked glaſs; borax a yellowiſh 


green; but in both caſes, if too much ore 
be added, an opacity is e The mi- 


neral alkali grow black. 


Mineralized Zi. inc. 


Zinc aſſumes appearances foreign to its 
nature, in the hands of nature, partly by its 
union with a certain native acid, partly 
by means of ſulphur. Among the acids 
which mineralize zine, no other are yet 
known but the aerial and the vitriolic. 
\-iAerated zinc is found concreted ſo hard, 

as ſometimes to ſtrike fire with ſteel ; tt 
exhibits an appearance like quartz, 5 
breaking, and is on the ſurface generally 
Enotty, ramous, or variouſly contorted into 
lamellz : this is called glaſs of zinc. And 
Mr. von Swab obſerved, during diſtillation, 
that a matter, exactly of the appearance above 
deſcribed, was produced through the ſmall- 
eſt cranny in the apparatus. 

A variety of this mineral, brought from 


England, expoſed to flame with the blow-. | 


(e) The celebrated 3 after rlcining the bite 


- Tapis'calaminaris of Alix- la- Chapelle for the ſpace of eleven 


days, in one of the furnaces uſed for the preparation of 


ſteel, found that it adhered to the magnet almoſt in * | 


fame manner as * of iron. 
pipe. 


— 
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pipe, remained without liquefaction, but 
cracked, was as it were reſolved into flow- 
ers, and acquired a more dilute colour. The 


ſmell ſhews no traces of ſulphur, nor is it 


magnetic either before or after calcination. 
The microcoſmic ſalt, and alſo borax, diſ- 
ſolve it without difficulty ; the latter ſome- 
what more ſlowly. The mite al kali ſcarce- 
ly takes up any, ſo that its habitudes much 
reſemble thoſe of the flowers. 

Artificial vitriform zinc manifeſts the 
ſame properties as the natural, but does not 
ſplit, and is more ſlowly and ſparingly diſ- 
ſolved in the uſual ſalts. 

(3) To this claſs alſo muſt be referred 
the variety which is ſoluble in water by 
means of vitriolic acid. Mineralogiſts very 
properly enumerate this among the metallic 
ſalts; yet it muſt not be paſſed over in a 
place where our intention is to ſpeak of all 
the minerals which contain zinc abun- 
dantly. | 

Pure vitriol of zinc, expoſed to the flame, 
on fuſion foams violently, and, finally, 
leaves behind a refractory maſs, which does 
not grow phoſphoric like the flowers. 

This vitriol, calcined, is readily taken up 
with efferveſcence by the microcoſmic ſalt: 
if too much of the vitriol be added, the 
globule is of an opal colour. The ſame | 
takes -place with borax. It unites at firſt 
with mineral alkali, with violent efferveſ- 
Vor. II. Res  '* "CENCE ; 


* 
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cence ; but afterwards is very little acted 


upon. 

Native vitriol of zinc is ſcarce ever Found 
pure, but mixed with copper or iron, or 
both; ſo that the phznomena vary in re- 


ſpect both of the quantity and quality of the 


heterogeneous mixture. 


Zinc, mineralized by ſulphur, produces 
various colours. I have known it black, 
brown, yellow, greeniſh, and, finally, with a 
metallic ſplendor ; which laſt is called by 
Mr. Cronſtedt, particularly, the ore of zinc. 
The pſeudo galena puts on a ſquamous form, 
not -unlike that galena which ſhines when 


the little lamellæ are viewed obliquely. 


Sometimes it is found ſemi-tranſparent, 


very rarely octaedral; it occurs accidental- 


ly, mixed with ſilver, lead, copper, arſenic, 


and other metals. 


The habitudes vary a little, according to 
the different heterogeneous matters. For 
example, we ſhall deſcribe three varieties 


found in Sweden ; viz. the black of Danne- 


mer, the red of Sahlberg, and the metallic 


one of Boval. 


The firſt of theſe does not ſtrike fire OY 


ſteel, yields a brown powder which decre- 
.pitates. upon heating, ſends forth a ſmoke of 


a ſulphureous ſmell, and depoſits upon the 


coal partly white flowers (conſiſting of zinc), 
and partly yellow ones (confiſting of lead) : 


it 1s not magnetic, either crude or roaſted : 
| When 
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when expoſed to the flame, in ſuch a man- 
ner that the divided apex of the flame is 
reflected, it frequently appears tinged with 
ZINC. 

The ſecond. is little changed by pulve- 
rization ; it ſtrikes fire with ſteel on account 
of the quartzoſe matrix; it neither decrepi- 
tates nor ſmokes, and generates flowers 
but ſparingly ; yet it amines tinges the 
flame. 


The third produces an aſhen 8 pow- Th 


der; does not decrepitate ; expoſed to the 
apex of the flame, it exſudes ſmall. drops, 


3} and diſperſes flowers. 


The microcoſmic falt diffolves the firſt, 
and at the beginning puts on an opake 
whiteneſs ; but when nearly an equal bulk 
is added, it grows black. The ſecond is 
never entirely taken up, for. the quartzoſe 
part of the matrix remains ; when loaded, 
the globule grows milky. The third is dif- 
ſolved with little efferveſcence, and the 
globule is obſcured, is a little blue (from the 
copper); but by long fuſion the tinge va- 


niſhes; if continued too long, it is rendered 


O pake. 

= is to be obſerved of a of then; 5 
that during ſolution flaſhes break forth, 
ſuch as are deſcribed proceeding from 
the metallic zinc, but ſmaller and Teſs fre- 
quent. 
Borax, with a ſmall quantity of the firſt, 
5 grows yellow, with a larger n black, 
- Y 2 and 85 
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and that almoſt without any efferveſcence. 
The ſecond is more flowly taken up, yield- 
ing a yellowiſh green glaſs: : by too much 
an opacity is contracted. | 
Mineral alkali attacks the firſt with vehe- + 

ment ebullition, producing grains of lead, 
although no galena appears mixed with it 

even by a glaſs. The ſecond is alſo taken 
up with efferveſcence, forming an hepatic 
mals, which is alſo true of the third; but 
theſe yield no ms. af | 


§ 111. "Me f calcined Zinc. 


We ſhall now examine a variety of lapis 
e which, in the manufactories 
where braſs is prepared, is called — 
lapis calaminaris. 

(A) 100 lb. of this ſtone, to which were 
added 165 of concentrated. vitriolic acid, 
generated ſo great a degree of heat, as to 

raiſe the thermometer in a few moments 
from 155 to 65, and a white ſmoke breaks 
forth, which yet could not paſs through the 

tube of an alembic without the aſſiſtance of 
fire. This ſmoke, collected in diſtilled wa- 
ter, exhibited the. ſame phenomena as are 

mentioned in the following paragraph, and - 
therefore is of a vitriolic nature (S Iv. D). 

(z) 100 parts of this mineral, well cal- 
cined, loſes ſcarcely any of its weight ; ſo 
that if it contains any aerial acid, the quantity 
18 10 imall as not to be ſenſible on weigh- 


ing; 
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ing; for the ſmall obſervable decrement. 
mult be aſcribed to the humidity. The ſame 
is alſo confirmed by ſolution in acids, for 
no efferveſcence appears in this operation. 
(cc) A double weight of nitrous acid was 
- poured upon 100 of the fame ore, which 
being evaporated to dryneſs, the ſame quan- 
tity was twice more added, and in like 
manner expelled by fire; this was done that 


the iron being calcined might remain inſo- 


luble: during this operation the vapours 
were ſomewhat red. | 


The maſs being again put into nitrous 


acid, the zinc alone was diflolved by phlo- 
_ giſticated alkali, and a white ſediment was 

precipitated, which, when waſhed and dried, 
weighed about 359 lb. The inſoluble reſi- 


duum, well elixated and dried, weighed near- 


ly 16 lb.; this, with three times its weight of _ 


concentrated vitriolic acid, was evaporated to 
dryneſs in a ſand bath; a ſolution was then 
extracted with diſtilled water, which yielded, 
by means of phlogiſticated alkali, about 
12 Ib. of Pruſhan blue: the liquor remain- 
ing produced, by ſubſequent cryſtallization, 
a true alum, but in very ſmall quantity. 
Finally, there remained 12 1b. which 
_ eluded the force of the acids, and which 
was of a filiceous nature. | 8 
(D) All theſe being conſidered, there are 
found in 100 of this lapis calaminaris, 84 of 
calcined zinc, 3 of calcined iron, about 1 of 
pure clay, and 12 of filiceous earth. 5 
| T 3 (E) This 


\ 
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(E) This analyſis has alſo been conveni- 
oy performed in another way: firſt, by | 
abſtracting vitriolic acid, then elixating 
with water, finally precipitating by cauſtic 
volatile alkali, and diſſolving. The reſi- 
duum, which reſiſts the vitriolic acid, is ſili- 
ceous earth; that which refuſes the volatile 
alkali contains a calx of iron with pure clay, 
which, when diſſolved in vitriolic acid, may 
be ſe arated by phlogiſticated al kali. 

8 We mall finiſh by adding ſomewhat 
Ras concerning the calx of zinc, artificially 
prepared, Which commonly goes by the 
name of flowers of zinc. Theſe are cafily 
and totally diflolyed by acids, generally 
without any motion, but ſometimes with a 
vehement efferveſcence. Some flowers, which 
had been made by Von Swab in the year 

1742, were quietly diſſolved after the ſpace 
of thirty- ſeven years; whereas others, made 
in 1758, excited a violent efferveſcence like 
chalk, inſomuch that one would be induced 
to ſuppoſe at firſt ' that chalk was mixed 
with them; but upon examination nothing 
heterogeneous was found. The elaſtic fluid 
which was extricated ſhewed, upon examina» 
tion, all the properties of aerial acid. This 
difference is aa bubtediy occaſioned by the 
quantity of the aerial acid ſurrounding the 
maſs during calcination, and ſhews that the 
dephlogiſtication, may be effected 1 7 7850 
the reception of that «od, 


_. 


The 
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The flowers, which are extremely white 
8 to the action of dephlogiſticated 
marine acid for ſome days in a cloſe veſſel, 
grow almoſt black, but are not (like white 

arſenic) reſolved into an acid liquor. 


Fo TE bg Anal of aerated Zine. 


The ſpecimen of aerated zinc firſt exa- 
mined, was that brought from Holy-Well i in 
England, the ſame which had been examined 
before by the blow- pipe (F 11,)—Of 1 this 

(A) 100 lb. reduced into a ſubtile pow- 
der, loſt by calcination 34 1b. but did not 
betray the ſlighteſt traces of a ſulphureous 
odour. 8 

(B) As it diſſolves in marine acid with ef- 
ferveſcence, and without any hepatic odour, 
the operation was performed in a chemico- 
pneumatic apparatus, in order to examine 
the nature of this volatile vapour. 100 lb. 
in this way yielded only ten cubic inches of 
elaſtic fluid; but the water through which 
it paſſed, amounting to zo inches, was found 
almoſt ſaturated. In order therefore to de- 
termine it more accurately, it was collected 
in mercury, and exhibited about 28 cubic 
inches, which were all abſorbed by diſtilled 
water, and imparted to it all the proper- 
ties communicated by aerial acid. Now 

28 cubic inches of that acid, in a mode- 
rate temperature, weigh about ſo many aſ- 
lay pounds, but in 5 34 are loſt; 


4 75 fix 
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fix therefore. remain, which doubtleſs are 
owing to water, for it appears from (p) that 
no aerial acid 1s preſent. 

-(c) The experiment was repeated in the 
ſame way, but the vitriolic acid employed 
inſtead of the marine ; -an equal bulk of 
aerial acid was produced. 

(D) In order to diſcoyer whether any veſ- 
tiges of marine acid remain hid in this ore, 
to 100 parts, reduced into a very ſubtile 
powder, were added 165 of concentrated vi- 
triolic acid, in a ſmall cucurbit fitted with 


an head, the orifice of whoſe tube was 


plunged under diſtilled water. No ſmoke or 
ſmell was perceived. The cucurbit was 
therefore placed in a ſand bath, and fire be- 
ing applied, the mixture at length ſent forth 
a white ſmoke, which, paſſing through the 
water, there depoſited whatever acid it con- 
tained, and the water loaded with this fume 
reddened paper tinged with turnſole. Some 
drops of a ſolution of nitrated ſilver were 
dropped into a ſmall portion of this, upon 
which clouds aroſe, but theſe quickly va- 
niſhed upon the addition of a quantity of 
diſtilled water. But as vitriolated ſilver is 
much more ſoluble than ſalited ſilver, a ſuſ- 
picion aroſe of the preſence of vitriolic acid, 
which was further confirmed by the drop- 
ping in of nitrated mercury prepared without 
heat; for the white ſtriæ which appeared 
upon this inſtillation, upon the further addi- 
tion of a large quantity of water fell to the 

5 R | bottom 
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bottom in the form of a yellowiſh powder: 
beſides, the addition of falited terra ponde- 
roſa to another portion, immediately gene- 
rated a ſpathum ponderoſum, the moſt cer- 
tain ſign of vitriolic acid. If therefore ma- 
rine acid be preſent in ſome vitriform ores 
of zinc, this muſt be conſidered at leaſt as 
accidental, and by no means neceſſary to 
their compoſitiop. . 
(E) Vitriolic acid takes it up almoſt en- 
tirely, leaving ſcarcely oo, 1 remaining un- 
diſſolved; and evaporation being continued 
to dryneſs, ſo as to expel the ſuperfluous. 
acid, the ſolution, on the addition of water, 
yields by cryſtallization 326 Ib. of white 
vitriol, „ : ; 
(tx) Phlogiſticated alkali, added to a ſolu- 
tion of this vitriol, throws down a mixed 
maſs, white and ſpongy, yet containing a 
few particles of Pruſſian blue; which ſnews 
that a ſmall quantity of iron is preſent. It 
is worthy of obſervation, that the blue 
atoms gradually become of a browniſh red; 
whether they be ſuffered to remain in the 
liquor for ſome days, or whether they be 
ſeparated by filtration, waſhed, and dried. 
(8) 100 parts of vitriform zinc, with pow- 


dered charcoal, and 1 50 of copper, treated in 


the uſual way, communicated to the copper 
an increment only of 1 5 Ib. though in this 
operation a great part of the zinc always is 
deſtroyed by deflagration. 4 


(u) Upon 
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(n) Upon comparing all the experiments, 
it plainly appears, that in 100 of this Eng- 
liſh mineral there are 28 of aerial acid (B, 


c), 6 of water (B), and of calcined zinc 


(with a very ſmall portion of ochre ſcarce 
exceeding 1) about 65 (B, 7). 
1) For the ſake of compariſon it muſt | 


be added, that the artificial glaſs of zinc, 


ariſing from the diſtillation * this ſemi- me- 
tal, diſſolves in acids without any efferveſ- 
cence; ſo that it alſo contains more zinc, 
and the other variety mentioned in 5 11, (B) 
is gere e 


F v. Analyfis of vitriolated Zinc. 


Zinc, in a faline ſtate, has bickerta been 
but rarely found, and always united with 
vitriolic acid; ſcarcely ever pure, but united 
with vitriol of iron or of copper, or. both 
together, We ſhall therefore firſt examine 
it in its pure ſtate, in order to diſcover oc- 
caſional differences the better, ; 

(a) Vitriol of zinc yields tranſparent 
exyitals, clear as water, and without any co- 
lour ; they exhibit compleat quadrangular 
priſms, two of whoſe oppoſite  fides are 
broader ; the terminating pyramid has alſo 
four ales; : in general, however, in the two 
oppolite angles of the priſm, a ſmall defect 


zs obſerved, fo that the Eaion becomes hexa- 


onal. The native vitriol is generally ſta- 
Kitic, ariſing from the ſpontaneous calci- 
nation 
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nation of pſeudo galena. The cryſtals rather 
calcine than deliqueſce. 
(B) By gentle calcination 100 Toſs about 
49, which conſiſt of water. 
After a white heat of three hours, no more 
remained than 20 of aſhen brown coloured 
powder; yet that metallic zinc, by calcina- 
tion, 1s encreaſed at leaſt 0,17, plainly ap- 
_ pears, for 20 of calx are produced from little 
more than 17 of the metal: 100 of white 
vitriol therefore contains 20 of calcined 
zinc, 40 of vitriolic acid, and 40 of the 
water neceſlary to cryſtallization. 
(e) Ina moderate temperature 100 of the 
cryſtallized vitriol require to diſſolve them 
228 of diſtilled water. By a bn heat 
much more is taken up. 
(D) If to a ſolution of the 100 Juſt men- 
tioned, be added a phlogiſticated alkali, 


wWmitiſh particles are ſoon ſeparated ; which, 


collected, waſhed, and dried, after compleat 
precipitation, yield 83 of a yellowiſh White 
powder. Now, 1 part of metallic (that 
Is 1,17 of calcined zinc) yields to phlo- 
giſticated alkali nearly 5, therefore 83 indi- 
cate 163 of metallic zinc; which agrees al- 
together with an e already tried in 
another way (B). 
(4) A ſolution of 100, | preipitated by | 
aerated alkali, yields a white powder, in 
weight 38, which is taken up by acids with 
an efferveſcence which continues till the 
ge laſt n 1s nn therefore 20 


of 
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of calcined zinc are able to fix 18 of aerial 
acid and water together. Hence we derive 
an illuſtration of what has been already faid 
concerning its efferveſcence in acids (4 Iv. 
F.). Zinc, when once calcined without 
aerial acid, afterwards attracts it ſcarcely at 
all, or at leaſt very flowly. „ 

(r) White vitriol, mixed with green, 
blue, or both, cannot be ſeparated from them 
by cryſtallization. „ 

The mixture may in ſome degree be 
judged of by the colour. The form of the 
cryſtals is ſpathaceous, even though the in- 
quinament does not exceed +. The phlogiſ- 
ticated alkali betrays copper by a browniſh 
red, and iron by blue particles, the former 
of which, particularly, diſtinctly appear on 
the firſt inſtillation, mixed with the white, 
provided the liquor be not ſhaken, On the 

addition of zinc, both the copper and iron 
are precipitated. ' 


§ vi. Analyſis of the black Pſeudo Galena of 


Dannemer. 


— 


I have tried by various methods to diſco- 
ver the compoſition of the pſeudo galena, 
but ſhall here only mention thoſe which 
ſeemed peculiarly adapted to the purpoſe in 
each particular caſe. | 85 

(a) By a white heat of four hours, 25 
out of 100 flew off; at the ſame time a ſtrong 
ſmell of ſulphur was perceived, ſcarcely 

„ 32 mixed 
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mixed With that of arſenic, but no flame, 
nor were any flowers of zinc diſcernible; the 


colour of the roaſted powder was like that 


of bricks. it | FS 
This operation being finiſhed, the quan- 
tity of volatile matter is generally eſtimated 
from the decrement of weight ; but when 
we are examining ores by this method the 
quantity is made leſs than it ought, as me- 
_ tals gain weight by calcination,” Lead gains 
about o, 12, copper o, 16, zinc 0,17, and 
iron o, 36. In the preſent caſe, the quantity 
of the metals otherwiſe known (if they be 
ſuppoſed in a perfect ſtate) ſhews that by 
the dephlogiſtication the weight of the re- 
maining maſs is encreaſed by 12. This cor- 
rection therefore ſhould not be neglectet. 
(3) Six hundreds of the pſeudo galena 
being expoſed to heat in a cloſe apparatus, no 
_ elaſtic fluid appeared; a little ſulphur was 
ſeparated, and nearly 6 Ib. of reguline arſenic 
collected in the upper part, as alſo about 36 
of water in a tube fitted for receiving it; viz. 
to the extremity of the alembic tube, turn- 
ed upwards, was faſtened a wet bladder 
well emptied of air by preſſure: during the 
operation it was a little inflated, but on 
cooling collapſed again; the water filled the 
tube; the reguline arſenic covered the up- 
per part of the cucurbit with a black ſcale. 
(o) As lead is found in this ore (S II.), the 
75 parts remaining were boiled in marine 
acid ſo long as any thing was diſſolved; 0 
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the ſolution, filtered, and inſpiſſated by eva- 


ration, was added vitriolated volatile al- 
ali, by which a vitriol of lead was partly 


RN dy inſtantly, and partly by further 
evaporation. This vitriol yielded about 6 lb. 


of lead. 8 
(v) The remaining liquor was Sona 


to dryneſs; and, for the purpoſe of calcining 


the iron, nitrous-acid was repeatedly evapo- 
rated from it, the laſt time even to ignition. 
Finally, it was diſſolved in that acid; but 
there remained 13 of calcined iron, which 
is equivalent to about 9 of the metal. 
(2) A ſolution of zinc, precipitated by 


Phlogiſticated alkali, yielded a whitiſh yel- 


low ſediment, weighing 223 lb. which in- 
dicate nearly 45 of metallic zinc (& v.,D). 
(F) The marine acid mentioned in (s) 
was reſiſted by 4 parts, which diſſolved with 
great difficulty in microcoſmic ſalt, but 


more eaſily in borax, and in mineral alkali 


with efferveſcence: theſe properties indicate 
a ſiliceous nature. 

() Upon a juſt calculation, tree it 
appears, that the 100 under examination 
contains 29 of ſulphur, 1 of regulus of ar ſe- 
nic, 6 of water, 6 of lead, 9 of iron, 45 of 
zinc, and 4 of ſiliceous earth. There is no 


doubt but that the proportions vary a little 
in the various ſpecimens : beſides, in order 


to determine all the quantities with pre- 


ciſion, it would be neceſſary to know the 
deficiency of * occaſioned in me- 


\ 


10 | tals 
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tals by their union with ſulphur; a circum- 
ſtance which however is yet unknown: 
ſomewhat is certainly loſt, but it ſhould * 
9 the loſs is but ſmall. | 


$ vit. - Analyfis if the brown Pfeuds Galena of 
Sablberg. | 


(a) The brown pſeudo galena of Sahl- | 
berg, properly roaſted, loſes only o, 13, 
of which 5 are water. The ſulphureous 
odour 1s [els perceptible in this than in the 
former analyſis. 

() Nitrous acid was repeatedly abſtracted 

from the other 87 parts, even to ignition, 

and afterwards whatever that menſtruum 
could take up was diffolved. 

(c) The ſolution, on examination, 3 
yielded zinc, which when precipitated by 
phlogiſticated alkali yielded 2 18 Ib. of ſedi- 


ment, and then by volatile al kali 3 youu of 5 


clay. 

(Dd) From the remaining 31 racks, which 
reſiſted the nitrous acid, the vitriolic was ab- 
ſtracted to dryneſs; upon which it Was 
elixated with diſtilled nd and 24 uy 
remained. 

(z) The ſolution of tw), precipitated 4. 
| Pa giſticated alkali, yielded 29 parts of 
ruſſian blue, which nearly corre 2 

45 of iron. | 

(Y) The Pruflian blue being ſeparated by = 
filtration the Mick had an aluminous 
| a taſte ; 


pond to. 
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1 
a 
: 


taſte ; and this falt alſo appears upon cryſs. 
tallization, but, mixed ca vitriolated ve 
getable alkali. a 
() The 24 parts 1 by the acids; 
were the reliquiz of a quartoſe matrix. 

(u) Therefore 100 of this ore contains 
about 17 of ſulphur, 5 of water, 44 of Zinc, 
Sf iron, 5 of clay, and 24 of quartz. 55 
It is probable that in this, inſtance the 
zinc is more dephlogiſticated than in the 
others. Hence, i rom the unknown quantity 
of the difference, an error ariſes, perhaps of 
ſome W which as Net cannot be de- 
termined. %% I e 


§vIII. Anal 72 900 the Pſeuds Galena f Pa, 
hieb 70 efſes'a metallic Splendor. 


( a) 100 of the pſeudo galena of Boval, 
loſt by roaſting 17, which by their ſmell 
ſieemed to be nothing but ſulphur ; but 
diſtillation ſhews that a ſmall quantity of 
water is alſo mixed with them. 
The reſiduum grows black on calcina- 
dans : 
'(B) The 83 parts which remained 1 were 
wetted with three times their quantity of 
concentrated vitriolic acid, and evaporated 
to dryneſs; then all the faline part was ſe- 
parated from the white maſs, by boiling in 
diſtille d water, and 6 parts remained, which 
eluded the action of the menſtruum ; which 3 
were with difficulty taken up: by microcof- 4 
mic 


* x = 8. 
5 » * * 1 ! 
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mic ſalt; more readily by borax, but very 
eaſily, and with — — by mineral 
alkali ;' at the ſame time the laſt globules 
were brown: hence it appears that cr con. 
fiſt of a filiceous and martial matter. 5 
(c) In this inſtance the colour of the ſo⸗ 
lution does not betray copper, which yet is 
ſhewn by the microcoſmic ſalt (F 11.) ] but 
the addition of iron ſoon removes all doubt. 7 
In order to determine the quantity of this 
metal, a poliſhed plate of iron was boiled in 
the ſolution as long as any of it conti- 
nued to be taken up. The cupreous ſedi- 
ment, collected, waſhed and dried, weighed 
4 Ib. The plate was found to have loſt 6b. 
() In the remaining liquor phlogiſticat- 
ed alkali' preeipitates at once a White and a 
blue ſediment, which indicates the preſence 
both of zinc and iron: In order [to deter- 
mine the proportions, this liquor, evapo- 
tated todryneſs, was long ealeined in the open 
fire; afterwards nitrous acid was repeatedly. 
abſtracted to dryneſs from the maſt, that the 
iron, ſpoiled of phlogiſton, might be ren 
dered inſoluble in that acid: nor was the 
experiment unſucceſsful, for the zinc alone 
was taken up, and about 19 lb. of calcined 
iron remained, which are equivalent to 1 4 
parts of fegulus, the weight being increa | 
©, 36 by ealcination. IS 
() The ſolution, containing zinc pe | 
pitated by phlogiſticated alkali, yields 259 
ney of white ſediment, waſhed and dried. 3 
Vo II. e * x00 
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ve); 100 of this ore, therefore, contains 
52 of zinc, & of iron, 4 of copper, 26 of ſul- 
phur, and 4 of water, together with 6 of a 
ſiliceous and martial matter. 
() That the metals exiſt either, 3 in, a date 
nearly reguline or but little dephlogiſticated, 
eaſily appears both by the metallic ſplendor, 
and the violence and redneſs of the yapours 
with Which the nitrous acid attacks them; 
and, finally, by the union with, ſulphur; 
The ſame is nearly true of the ore of > ma 
nemer, which, although. deſtitute of metal- 
lic ſplendor, exhibits the ſame phenomena 
with [nitrous acid (SIX. c); — beſides, 
on ſublimation, it exhibits a reguline arſenig 
(F vI. 3). But dr pine galena of Sahl - 
berg ſeems to eme &; dae par en of 
phlogiſton Zuihzl 5g'ld 
(a) It follows, en 7 analyſis.of pſeu+ 
| do galena, 1. that lime, though it be ſome- 
times preſent, is not neceſſarily required: 
for the three varieties I examined did not 
ſhew the ſlighteſt trace of it, even when the 
acid of ſugar, its niceſt teſt, was employed: 
it is certain, if the ſulphur was here united 
with. Zine in the ſtate of an earthy hepar, 
that a ſmall. quantity of lime would not 
ſuffice, and part at leaſt of the hepar might 
pe elixated by water. 2. That the preſence 
of cobalt and filver is aceidental; as "as of 
lead and arſenic in the Dannemer pſeudo 
Salena, and of copper in that of | Boval. 
. That zinc, iron, and ſulphurn are 1 
1 1 | L% ans 


4 
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tis for zinc cannot be united with ſul⸗ 
3 but by means of iren. When theſe 
three ingredients are fuſed; together, an ar- 
tiſeial pſeudo galena is eaſilyj made But it 
may be gathered from the water: that nature | 
has effected the union in. dernen abe ( 


A 1 
Fg + 31 177 en : F 


= IX. The PRMNnbtia of 1K 
rg rated by Acids from Ped Gates, 


118 


1 


4 


"When. the vitriolic or marine. acid ig 


poured on pſeudo galena, an hepatic odour 
is exhaled ; but it may be gathered from 
what goes before, that no alkaline falt nor 
N en earth is preſent, and; therefore no 
hepar. Hence the cauſe of this Ae 
menon may be properly e | 
Ehe following, experiments will ſerve nt 10 
ſolye the problem 4 1 
(A) Six aflay 100 of black p Ty galena 
from Dannemer, well pounde th 75 | 
into, glaſs; and. the bulb, of the 

meter Was ſet in the midſt. 65 f hs th 
concentrated vitrioli ie acid being LL 17 
a fe bubbles aroſe, and a Ain hepa 
odour was perceived. In four minutes m_ 
mercury aroſe from i6 to 27-p, but in Sine 
it began to ſink. The powder was 0 nuc 
indurated, that it was difficult to ſepat 
the thermometer without breaking + 
6) The, experiment; 90 e Par 
- 209 of ſmoking, marine 10 1 ſtrong, 15 
Hatice odour, and a mae cee oe 


Sul blerye 


* 


34⁰ 0 F HE ONE S- OF ZING, 
obſerved; but the mercury in the thermos. 


meter remained without motion. 


(c) 200 of ſmoking nitrous acid, di- 
lated with an equal quantity of water, were 
poured on the ſame weight of ore, when an 
intumeſcence was perceived, and red va- 

urs aroſe, without any hepatic ſmell. A 
22 of 74 took place in four minutes 

The wel after having been well 
waſhed with hot water, produced no hepatic 


ſmell, either with the d 9 marine 


acids. 150 6 0 555 
(5 The hepatic Wenk n with 


b the aſſiſtance + heat by-vitriolic acid, out 


of a quintal, and collected in quickſilver, 
amounted to two cubic inches; but the 
marine acid produced ſeven from the ſame 
quantity. The red fumes ariſing when ni- 
trous acid is employed were found on ex- 


amination to be 2 but what is gre 


Nitrous Were | 
(x) Orie-half of a quiadrati of dete R 
collected in an inverted phial, and mixed 


With an equal portion of nitrous air, be- 


comes grumous, and depoſits ſulphur; and 
the mercury in the thermometer ' ſuſpended 
in it roſe to 66. 

(t) Vet all the pad galenæ are not 


equally affected by acids : if marine acids 
be poured on the three above examined, that 


of Dannemer emits an hepatic air, With 


many bubbles; from that of Boval fewer 
| bubbles riſe; and from that of Sahlberg, 


ſcarce 
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ſcarce any. The two firſt yield a very of- 
fenſive Friel} eren though kept in corked 
bottles for a number of yeats: the laſt has 
but a faint ſmell, which continues only for 
a few minutes: the others, boiled with acids, 
ſcarce extricate any hepatic odour. 
(00% 21 cwt. of yellow lapis calaminaris 
from Hungary, treated in the ſame way as 
the pſeudo galena, occaſioned with vitriolio 
2014 5 a degree of heat = 655 7 ere FD 
amel! was perceivee. 
(u) The fame 3 . heat with 
18 and marine acid, but without wy 


he atic ſmell, ] ; | 
IH Flowers of Zinc occaſion with acids 
nett, but 1 no fmell, „ 


tien 


rig K* 22 f the bepatic Oe 40 


From the phenomena above mentioned 
che origin of the hepatic odour is eaſily ſeen 
both 1 and Hynthetically., | We | 
ſhall firſt examine it analytically. | 

(4). That ſulphur enters the compoſition 
cannot be bind” 5 it is actually found 
precipitated, (Fx. x) : but we are to en- 
quire the cauſe which in this inſtance di- 
lates. the ſulphur which had been ſo ſubtilely 
diflolved.i into an aeriform elaſtic fluid. | 
ls) That heat exiſts fixed in hepatic air, 
and is {et at liberty by the deſtruction of that 
air, evidently appears from the aſcent of the 
mercury (Fix. E,) The. opinion. that the 


Bas 


0 bodies conffits in a certain ĩnteſtine 
1 motion 


. 
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, motion of their parts, is at preſent held ta 
be totally improbable. Many circumſtances 
tend to prove, that heat is to be attributed 
to a matter diſtinct from all others, which 

when diſengaged occaſions ſenſible heat in 

proportion to its quantity; but ſo long as it 
conſtitutes a primary principle of bodies, its 
power of heating is repreſſed (in the fame 
way as the properties of an acid ſaturated 
with alkaline falt) which power, however, 
it again recovers, when by any means ſet at 
liberty; hence, in certain ſolutions, heat is 
generated; namely, when that rinciple 
which had been united with one of the in- 
gredients i is expelled by a ſtronger attrac- 
tion: in others cold is produced, occaſion- 
ed by the heat entering into the new com- 
pound. Since, therefore, on precipitation 
of ſulphur from ine air, heat is generat- 
ed, we may conclude that the matter of 
heat had been before fixed. This conclu- 
ſion will be further confirmed rater 
E.) 
0 (©) It appears plainly, that the phlogiſton 
in epatic air forms the bond of union be- 
tween the matter of heat and the ſulphur; 
for that air cannot be decompoſed, except 
by ſubſtances which are extremely greedy of 

e concentrated nitrous acid poſ- 

fles this power, even in water loaded 

with hepatic air ; nay, nitrous air, although 
885 LE loaded with phlogiſton that its 
e are e Pe ces. the 
5 5 "fame | 
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fame effect (& IX. J We ſes: therefore, 
that upon the abſtraction of phlogiſton the 
whole compoſition is deftroyed; ſo that it 
may juſtly: be conſidered the bond of uniom 
Sulphur, by means of heat alone, diffuſes no 
| hepatic ſmell. 1 h 
All this is ondpletely eſtabliſhed 129 
right confideration of the ' principles of the 
pſeudo galena, and its different habits-with 
reſpect to acids. We now: Arid to wk 
mine this ſubject Smberically; 191109 ©10 
The conſtituent parts of hopade ar bes 
ing thus diſcovered by analyſis, let us now 
examine ſynthetically whether-theſe are to 
be found in the pſeudo galena,t 099 299 

(o) Of ſulphur we can have no doubt; at. 
even the quantity of that bas been — 
determined (FVI. vIII. )) 

(z) The preſence of the matter of heat is 
equally — — for the pſeudo galena with 
nitrous acid excites a confiderable degree of 
heat (F Ix. C.); and the vitriolic acid ge- 
nerates with it a degree of heat, though leſs. 
Thus we fee” the mictes of beat more of lefs 
ſet at liberty. 40 

(F) Beſides the ohlegifion of the fulphutr 
no ſmall portion of that principle adheres 
to the metals, as has e been! Rey 
(Fort. 6. 1 

All the e therefore? before ai BE 
covered by analyſis are preſent (Acc.) 

(6) It may now be queſtioned, 'whether 
theſe /pringiplovzire 66 united in the pſeudo 


Z 4 js 2 | galena 


3% runs OF zT 0, 


| galena as actually to conſtitute hepatic ain, 
vhich, like the aerial acid in chalk, lies had; 
or Whether it be on the addition of the Prov 
per acid that they firſt, coaleſce and form an 
elaſtie fluid. br LEM F 175 t 914] Dani IO L 
n) In order to determine this queſtion, 
the 
d 


£ 


pſeudo galena ſubjected by itſelf to 
lation; and the vapour extricated was 
collected in a pneumatic apparatus: but on 
8 nothing was obtained but a 
all portion of water, and nothing at all 
aerial; beſides, all the different acids would 
expel the ſame quantity, if the hepatic air 
— hid, like the fixed air in chalk; but we 
ave ſeen, that from I cwWt. none was ob 
tained hy nitrous acid, two cubi inches 
by the vitriolic, and ſeven by marine acid 
(Six. ); the elaſtic fluid therefore does not 
ä pre- exiſt in a perfect ſtates: e 4 ASQ 11103 
»d (1) It is generated therefore during the 
ſolution: far the addition of the acid, by 
looſening the texture of the maſs, ſets the 
heat at liberty, together with the phlogiſs 
; ton of the zinc and iron; for no metal is 
taken up by acids, until it is dephlogiſticat - 
ed to à certain degree, The firſt effect 
therefore of acids upon metals is to deprive 
them of that portion of their phlogiſton 
which prevents their ſolution, and by this 
Prixation they become ſolubwe 
Theſe two principles, heat and phlogiſ- 
ton, being ſet at liberty, ſeize the ſulphur 
which; they meet with, combine with * 
Los an 
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and form an elaſtic fluid: hut as the nitrous 
acid attracts and retains phlogiſton with more 
force than the reſt, with it a great heat is 
generated, but no hepatic air can be formed. 
for the principle which ſhould connect the 
other two is wanting. The vitriolic acid 
indeed attracts phlogiſton leſs A 
than the nitrous, but does not yield up 2 
that it ſets at liberty to the generation of 
hepatic air; and this air is conſequent] 
produced only in ſmall quantity, indeed 
ſmall that ſome heat remains at lib 
but the marine acid, being — loaded 
with phlogiſton, does not attract any more; 
therefore the whole of the heat may very _ 
eaſily be fixed by the phlogiſton extricated 
by this acid from the _ ; hence, with 
this acid, there is no heat generated, but 3 
confiderable quantity of hepatic air. The 
' calcined pſeudo: galena retains, indeed, the 
matter of heat, but loſes the phlogiſton and 
the ſulphur in the fire; ee. no veſa 
tiges of hepatic air can ariſe here, 5 with J 
the lapis calaminaris (& 4x, r, G. 
All theſe circumſtances agree fo nerfoatly; | 
that no doubt can remain of the truth of the 
explanation; yet pſeudo galena is not to be 
conſidered as the only body in nature Which 
can produce an hepatic air and odour on the 
addition of acids: it is enough to mention 
. galena, which occaſionally exhibits the ſame 
_ phenomena; for the marine acid acts molt 
efficaciouſly, but the nitrous ſhews not the 


O 


* 
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kaft veſtiges of any thing hepatici;/ and in 
this cafe the vitriolie acid has little effect, 
as it hardly attacks lead, when in 2 metallic 
tate. It is alſo worthy of obſervation, that 
native Siberian iron, with marine acid, dif- 
fuſed a diſtinctly hepatic ſmell; but the exa- 
1 of this er 1 oy a . re 


= 20 I": 3 52 , p 3.4.2 
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e . 
| $3 XI. ahi Laaliy of the e 
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Na a 10 
Some. ede $0) pſeudo. WER upon 
friio «ſhine in the dark; and among 
thoſe the moſt remarkable is that which 
x ſound at Scharfenberg, in Miſnia. This, 
vrhen rubbed with glaſs, a bone, iron, or 
any hard ſubſtance, emits a fœtid ſmell; and 
at che point of contact ſends forth a flame 
of a gold colour, and this happens 1 in watery 
_ nay; even in acids, and it retains this pro- 
even after a violent white a Some 
inſiſt that this light is electric; but the 
electric flaſſi is of a very different kind, 
being entirely extinguiſhed by water, where 
as this is made rather more ſplendid... La- 
tent light is not the cauſe, for in folution 
no light is occaſioned. Xl 
- Suppoſing that li ht be 8 but the - 
matter of heat, with a determined ſ 
bundance of Phlogiſton, theſe principle 
are not deficient in the puts ”m_ for 


we 


. 1 * 


is undoubtediy 
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we have already ſeen chat the m ter of heat: 
is really preſent (& x. 83 , and at the f, 
time phlogiſton (S x. ce). The firſt, chere 


fore, excited and ſet at liberty by friction 


may ealily ſeize. the: lair, and Nan 


light. Bebo. By TE: 
Many varieties dos not dune at % ne 


ſcarcely, and a few very remarkably; this 
owing either to the por 

tion of the principles, or their/ eloſeneſs a 
erben which laſt opinion is iconfirm<: 
ed by obſerving that thoſe. which poſſeſt 
the phoſphoric quality in the moſt ſir 
degree reſiſt the three mineral acids, ſo chat 
either no hepatic odour or heat ariſes,” og 


at leaſt much weaker than in the others} -- 


which indicates a firmer texture; ct 4 
that reſiſt the acids are not found to be - 
phoſphoric. This difficulty is ſolved dy the 
analyſis of the pſeudo galena of Scharfen- 
berg, the ſcarcity of which has as yet 
h prevented the experiment from being ſuffi- 
_ ciently varied. The powder, expoſed alone 
to fire in a cloſe veſſel, Fields a ſiliceous 
ſublimate, fimilar to chatip uced by-mine- 5 
ral fluor and vitriolic acid. The fluor acid 
is therefore preſent, but probably united in 
ſuch a manner to the metallic baſe, that it 
cannot, by fire alone, be expelled, and ene 
rate with water a ſiliceous earth; 4 
Marine acid by. boiting diſſotves i it, When 
yell powdered, almoſt entirely, and produses 
an by 277 imel!; for, excluſive of rr fal- 
| * Phur, a 


1 
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phur, ſcarce more than 0,01 remains, which, 
examined by the blow-pipe, appears to be 
ſiliceous. In 200 the zinc forms nearly (64; 
iron 5, ſulphur 20, water 6, fluor acid 4, 
and Gliceous earth 1 3 nothing calcarequs 
is found. | i I od 
- This pſeudo galena is lamellated, yellow, 
and ſemipellucid ; but, fituated in a certain 


way with reſpe& to the eye, it appears 


e, ſomewhat reſembling a metal, like 
moſt of the others. The various propor- 
tions ſeem to indicate, that in this inſtance 
the metals are not preſent fully calcined. 
Fuſed with microcoſmic ſalt by the blow- 
pipe, it throws out a few flaſhes almoſt like 


that of Sahlberg, which was mentioned 


| { cer — ly preſent. 22 | This „ 
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IHE man who firſt fa a metal. Ge 
I roded by a lin 

A manner that 4 body fo extremely p e. 
rous and ſo opake ſhoutd, gradually. 19 95 
tirely diſappear, and afterwards, upon t 
addition of a ſuitable prec to a 11 = 
quor which appeared to W 
mogenous, ſaw that metal ſeparate, and a pr 
come into view.; —the man, I ſay, w! 


ſaw this, muſt have been ſtruck dich, | 


atoalthment” and. admiration, . "Perl; ons. 4571 
cuſtomed to theſe wonderful ul PASO 4 


7 Jin * 100 T8013 | 


id menſtruum, in 125 5 
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neglect perhaps too much the accurate in- 

— of them, though theſe operations 
are t e importan d form as 
it were the whole of Anke op belt 9. 
chemiſtry. The phenomena of. this kind 
are ſo various and 1 intricate, that a ſingle 
volume would be utterly inſufficient for 
examining them all: we ſhall here therefore 
only examine ſuch as relate to the ſeparation 
of metals from acids, particularly with re- 
gard to the weig bt of the recipitate, 
Ws eighing is, 3538807 a mechänical opera. 
tion, but yet is of ſingular ſervice not only 
in inveſtigating the properties of bodies, 
but in directing thoſe properties to their 
proper uſes. Af effects are exactly pro- 
portioned to their cauſes; therefore, unleſs 
their mutual relations be examined by accu- 


ate trials, th 1155 (of conſe ence the whole 
* natural iloſophy) muſt be lame and 
4 rfect. | 
5 1155 hat we may „ the. better tiderſiarid the 
Bature 6f mor #tiofts, we hall | brisfly 
te the — onie a 0 
: 1 5 * Seb 2 DAS * 
1 4 144821 4613214 940 F377 > 16 104 CLE 


& 4: 1 | Bromination of Metallic burt. 7 
IS 3 42 ATT 8B .V7% Je 

2 . bun pics of a ira Being uti 
Af eid, is taken Up flo iy or Gui ty , with 
violence, or getitly; according to et various . 


Kat ure of che metal and the merſtruum. 
Nn | (4) as 
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A) As to menſtrua; when unaflifted by: 
3 the nitrous acid is found the moſt 
powerful, ſo much ſo as ſometimte to c. 
ceed the bounds required; and the anctab 
diſſolved is again ſeparateũ, unleſs theivies: 
lence of this acid be properly ti edt: - 
petite eee Ga N ns 
effect, as is the caſe with gold and latina? 
but when the nitrous is —— 
mat ine malay * enen is readily ef- 
 Jaſtedioiitids 5520653 adv was 2 
„The vitriolic- ach; though vr highly. 
concentrated, yet acts more weakly. It er 
not attack mercury or falver, -unteſs: Wem 
boiling; and gold and platina ebude its 
force, even though boiled to dry nes. 94%: 07 


"Marine acid acts fil more weakly unlefs = 


it be dephlogiſticated (2) in Which Rare | 
it diſſolves all metals co dr d ↄm 
The other acids, as the flubr adi te 
acids of ar ſenio and borax, and all thoſe bh 
tained from the organized kingdom, J are li 
general inferior i in Tae viren 80 thÞ 
ceding. Nen 

(63) With ref edt! to the. Bene lb Bre 
very eaſily diſſolved, others not Witheut 
great difficulty, and that in the ſad = 
ſtruum. Zine and worarereadity difoſ ved 

in every acid; ſilver eludes the matima aud 
gold even the nitrous acid. Yet theſe m 
tals, mt! in'their mme 


( . 22 40. 
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reſiſt ſolution,” may be made ſoluble by de- 
priving them of a proper proportion of heir 
inflammable principle. 10 expreſsly mention 
a proper proportion, for experience hews 
that iron, and particularly tin, are made re- 
fractory by too much dephlogiſtication' ;'" 
but nothing more plainly ſhews the limits 
of this proceſs than manganeſe, which when 
caleined to blackneſs cannot be diſſolved 
without the addition of ſome inflammable 
matter, but when reduced to whiteneſs dif- 
Wies in n aeids ( ù . LG: 
(e) If we confider the manner of e 
walten with aceuracy, we ſhall find that 
the diminution of complete metals, even 
to the laſt viſible particle, is accompanjed | 
by an effetveſcence; that is, innumerable 
air- bubbles continually riſe from the ſur- 
face of the metals, and float to the ſurface 
of the ſurrounding liquor. Theſe are the 
more frequent, in proportion to the quick= 
neſs of the ſolution, and are very few, and 
—_— wähle, When it proceeds 8 M 
owl P 
"The elaſtic fluid, which is thus Ertl 
cated from metals by nitrous acid, if col- 
. lected by a proper apparatus, and examined, 
is found to be nothing more than what is 
commonly called nitrous air; but when the 
menſtrunm is concentrated it abforbs a 
Wr eee ns air. By means 
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-.of vitriolig acid  inflonimablorc is wh 
ed. from zinc and iron, 9 bymeansg 
of 3 8 i e 1 * other metals IL 

diſſolved in vitriolic acid, e obtain anothen 
ſpecies of ait, called wirrialis acid dition th 
by the marine acid, another ſimilarg ta the: 
former, called muriatic ain, but both were 
or leſs mixed with inflammable air. n 30 
() Frequently, urge the ſolution of ia/:- 
metal, heat is generated in the liquor, the 
intenlit of which follows the compound. | 
ratio of the bulk of the maſs, and the quick -o 
neſs of ſolution; therefore, when the maſs is 
very nk, and the ſolution ꝓrqceeds very 
logs y: the temperature ſcarcely, ſuffers. AF: 
alter tion... G6 SIda ia 200 Le; 
1985 The calxes of metals, during: ſolution, : 7d 
either give gut no air at all, or elſe the 
aerial acid; unleſs when, after. being evapo- 
rated to d neſs, they are urged have violent 
heat almo fo] ignition; WA in this ſtate, by, 
means C of vitriolic or nitrous acid, they give 


out 2, portion of pure air, Which cannot be 
got by means of marine acid: according to 


circumſtances, a vitriolic or nitrqus air is. 
alſo ſometimes produced, and even that ſpe... 
cies which 3 is common Need Pbiegiſttea 1 
1 m each O od. .gt-bhamyelier 
gs ee metals, when FE ABT; 
pat i bene colours to,, their 
menſtrua; ſuch, are gold, plati eee 
iron, 1 nickel, 1 cb he reſt, 1 if. 
properly c field no tinge. A. 308 
N Vor. II. cr eh Mor fp ution 
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lution. of. $lyer, at firſt, is ſometimes of W 
blue or Df colour, although there be no 


copper preſent. The yitriolic acid grows... 
blue with copper; the nitrous. may be 


either blue or. green at pleaſure ; the maring 
varies, according to the quantity. of water 
with which it is diluted; manganeſe, when 
too much dephlogiſticated, Ma + hah the 
Woh and marine 11 de "ip 
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At preſent. no one can reaſonably doubt 4 | 
that ſolution: is the effect of attraction; 1 
may therefore lay that down as a funda- 


mental propoſition, and proceed to mug TP. 
(in mk 


eſt way we are able) the more re- 
markable cireumſtapces of the operation,. 
conſidering. it not in a general, W. pa 


5 ; merely as it regards metals. 


Upon attentive conſideration it readily 


appears, that 1g metal can be taken up by an 
t acid, and at the 2 10 45 reſerve i, whole 


© quantity of pbbo 


gifton which Was neceſſe ary 
* 40 it in its mitath; Hate. ; 97 certain 1705 
ortion therefore of the principle of inflam- 


mability may be e ae as an ohſtacle, 


which muſt be removed before ſolution can 


take place. Let us ſee now how this doc- 


| deine will apply to the more 1 emarkable 
| 1 8 W 1 Foa lered d. 7 ” 


( Of 
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115 Of all the acids the nitrous attracts 
ph ogiſton. the moſt powerfully, and ſepa- 
rates even from the vitriolic acid. If * be 
doubted, let ſulphur be lowly boiled in, 
concentrated: nitrous acid, at wh 4 all its 
phlogiſton will be found ſeparated, and the 
vitriolic acid will remain deprived. of its 
A5 of inflammability. The extraor- 
nary ſolvent power of this acid, therefore, | 

is conformable to the peculiarity of its na- 
ture in this reſpe&; for this menſtruum 
adapts metals for ſolution with the greateſt 
| eaſe, moſt commonly without any A e 
from external heat, which in ſome inſtances 
would be hurtful, by: ſeparating too much of 
the phlogiſton. This laſt caſe is ſufficiently 
illuſtrated by iron, tin, and antimony, all 


which may be ſo far deprived of phl 5 ah Fr 55 
"#4 it ; 


as to be very difficultly ſoluble in ac 

is therefore not unfrequently neceſſary to 
temper the activity. of this menſtruum by 
water. 

I ̃ be vitriolic acid Eg =o . upon ſilxer 
or n unleſs when boiling; for by 
means of the heat the watery part of the 
acid is diminiſhed, its power is thereby in- 
creaſed, and the connection of the inflam⸗ 
mable rinciple with the metallic earth i 3 
diminiſhed. | 

Wer acid, which contains phlogiſton | 

as one of its proximate principles, mult ne- 
ceflarily have but little - no e on thoſe 
ONO: which retain their e of in- 
+ Aa a 2 | flammability 
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flammability very obſtinately ; ; but when 
boiling, its watery part is diminiſhed, and it 
_ aſſumes the form of an aerial elaſtic Auid, in 
which ſtate it powerfully attracts a larger 
proportion of phlogiſton than before; but 
when dephlogiſticated, it attracts phlogiſton 
with prodigious avidity, readily attacking 
all metals, and rendering them ſoluble by 
the abſtraction of their phlogiſton, which it 
uünites to itſelf, and reſumes the ordinary 
form of marine acid. This acid, when de- 
phlogiſticated i in aqua regis by means of the 
nitrous acid, diſſolves gold and platina. 
Dpon this principle we can eaſily ac- 
count fot the R of power 1 the 
15 55 acids. | 
I. ) As to the metals, they retain their pale 
giſton with very unequal degrees of force: a 
few of them, which are called the perfect 
metals, effectually refiſt calcination in the via 
ſicca. In this operation, on the one hand, the 
fire, which wonderfully encreaſes the volati- 
lity of bodies, ſtrenuouſly endeavours to ex- 
| the phlogiſton, which certainly is the 
lighteſt of all material ſubſtances ; on the 
other, the portion of pure air which occurs 
in the ſurrounding atmoſphere attracts the 
pl hlogiſton ſtrongly : experience however 
ews, that theſe two forces united cannot de- 
compoſe gold, platina, or filver, to any con- 
_ fiderable degree; all the other metals yield 
to theſe forces when united, but not ingly. 
Fron and Zinc retain ng inflammable'prin- 
Th #11 4 r £43, FN HO T1 eiple 
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ci iple ſo lightly, that any acid immediately 
acts upon them; but if, by dry calcination, 
metals be properly prepared, the men- 
ſtrua will immediately take them up; nor 
is there need of any further privation, . 
which, on the contrary, would be inju- 
rious, and precipitate what was before diſſol- 
ved. For example, let us recollect the ef- 
fect of the nitrous acid: this, added to ſolu- 
tion of tin or antimony in marine acid, by 
its extraordinary violence carries off o 
much phlogiſton that the calxes, being too 
much 9 of that principle, a are Precipi- 
tated. ; | 
(c) We are now come to the moſt diff. 
cult point of all, I mean the production of 
the various elaſtic fluids which reſemble 
air. The complete diſcuſſion of this ſub= 
ject does not properly belong to this place; 
but, as ſome circumſtances, hereafter to be 
mentioned, cannot properly be underſtood - 
without a knowledge of the fundamental 


principles of this phenomenon, I think it We 


neceſſary to give a brief relation of what 1 
have been able to learn on this head, from 
my own experiments and thoſe of others ; ; 
ſome of which I apprehend to be certain, 
and paſt controverſy ; others (as yet only 
lauſible) to be confirmed, corrected, 97 re. 
| jected by new experiments. | 
A great variety of different zefifotin fluids 
have been obſerved z. of theſe eight only are 
certainly 25 with reſpect to their com- 
| Say bs Lara 


' 


an claſtie and highly 
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he vitriolic, nitrous, and marine acids, fluor 
acid, vinegar, alkaline ſalts, and hepar Tul- 
phuris. . „ x 1 . ee 

Pure vitriolic acid, expoſed to a violent 
heat, is indeed reſolved into vapours, but 


5 RNs x theſe are the fluids extricated by 


: vapours of ſuch a nature, that when the heat 
is gone they condenſe again into an acid li- 


quor. of the ſame nature as before; but if 
any ſubſtance be added which is. loaded 
with phlogiſton in a ſeparable ſtate, hy 


means of fire an elaſtic vapour is produced, 
which is not condenſable by the moſt ex- 


treme cold, provided it does not come in 


| contact | with water. This is the vitriohc 
acid air, which may be totally abſorbed by 


water; in Which caſe the bond of union be- 


tween. it and the phlogiſton is ſo weakened 


that this laſt gradually flies off, and at we 
e 


common vitriolic acid is regenerated. . 


ſee, therefore, that this acid, by means of 


à ſufficient quantity of phlogiſton, may be 
expanded into an claſtic flud.  _. 
I be nitrous acid undergoes a ſimilar and 


more. perfect change in a manner ſtill more 


obvious: let a {mall piece of filver (for ex- 
ample) be put into nitrous acid, and in- 
ſtantly innumerable bubbles ariſe, and float 
to the ſurface; theſe collected produce the 


nitrous air. The bubbles upon the ſurface 


of, the metal, where the acid particles are 


ilated form; fo. 
125 that 


ſufficiently loaded with phiogition, allume 


- 


— 
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that they tife by their ſpecific levity, ànd 
chace one another from the ſeveral points of 

the metal, The nitrous acid faturates itſelf 
With phlogiſton mote Sreedily than tlie vi- 
' triolic ; and therefore the elaſtic fluid does 
not unite with Water, and retainis fearcely 
any veſtige of an acid nature. Synthetical 
obſervations agree perfectly with analyfis; 
for upon the acceſs of pure air, which poſ- 
ſeſſes a ſtill greater attraction for phlogil= 
ton, the acid yielding it up immediately 
reaſſumes its original form and properties; 
but the nitrous air differs ſomewhat from 
che vitriolic alſo in this reſpect, that che 
phlogiſton is not only abforbed fo far as to 
__6bliterate the acid nature, but even beyond - 
that point. This I am convinced of by 
many experiments, one of which will be 
ſufficient, namely, the decompofition (v) of 


hepatic air by means of nitfous ir. 

The marine acid exhibits different: ph#- 

nomena: this acid contains phlogiſton, 

and by its means can be tefblved into an 
claſtie fluid called muriarit mir, which is 

permanent ſo lang as it is kept from the 

Contact of water; but, like vitriolic, 

upon the acceſs of water it feaſſumes the 

form of marine acid. As this acid naturally 

eontains phlogiſton, there is no neceſſity for 

an addition: in the mean time this, ih the 
fame manner as nitrous alf, wheti in its e- 


e See Treatiſt on the Ores ef Zint, G 1x. 2. 
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1 PR ſtate, attracts a ſtill larger proportion 
FE > phlogiſton, | and that . e ken 
0 avidity.. * 

When the nated quantity of, Tic "Ul 
5 diminiſhed the marine acid yields another 

_ elaſtic fluid of a reddiſh brown colour, poſ- 
ſefling the peculiar odour of warm aqua re- 
gia. This does not unite with water, or but 
in an exceeding {mall quantity; and, upon 
the addition of a due quantity of phlogiſton, 
may be again reduced to marine acid. The 
experiments made on the black calx of man- 
ganeſe and on white arſenic (4), which I have 
often repeated and carefully weighed, I con- 
ſider as indubitable evidences: of this con 
nection. Whether the marine acid can by 
any other than theſe two methods be de- 
Phlcgiſticated, I am as yet ignorant. 

The fluor acid abounds with ene, | 
and therefore may, without any adventitious 
matter, be reduced to an elaſtic fluid. This 

air is eaſily diſtinguiſhed from all others, as 

when hot it corrodes glaſs. 
Vinegar alſo naturally contains phlogif⸗ 

' ton; and for that reaſon, when well de- 
phlegmated, can produce an elaſtic er, 

8 e is called acetous air. 

All theſe elaſtic fluids . to be nothing 

8 more than the acids themſelves; expanded by 
phlogiſton. Perhaps the matter of heat 

< alſo enters into their een e 


. 


— 


or METALLIC: PRECIPITATES. 30 


This is alſo the caſe with cauſtic volatile 
alkali, which yields the alëaline air. . 
oP inally, among thoſe elaſtic e the- 
fition - of which: we are acquainted 
je” 4 we may place the hepatic air, in which 
we have demonſtrated fulphur (e) united 
with the matter of heat, by che incernenton. 
of phlogiſton. | 
The origin of the other 170 fvids i is 
as yet ſo involved in darkneſs, that we can 
ſcarcely eſtabliſh any thing certain with re- 
gard to them: theſe are of four kinds; and, 
in conformity with the received opinion 
concerning their properties, are called fixed. 


air, 296. 306g airs . * air, and 
nflammable air. 


Of the firſt I think it is evidently de- 
monſtrated to be of à peculiar nature, and 
always acid. Dr. Prieſtley confiders it only 
as a modification of nitrous acid; nay, he 
urges that the vitriolic and nitrous acids 
are no more than varieties of the ſame ſub- 
. ſtance.” This t I will not abſolutely de- 
ny but the SER on which theſe aſ- 
3 — reſt ſeems to me to be very inſuffi- 
cient. Thus, in the preparation of ether 
by vitriolic or nitrous acid, he obtained a 
4 confiderable quantity of fixed air, which he 
\ affirms to have been generated during the 
2 operation but we muſt obſerve, that a large 
propartion of une of wine enters into this 
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preparation. Now we find that fixed air 
- abounds almoſt every where throughout all 


organized bodies; Why then ſhould ſpirit 


of wine, which owes its origin to vegeta- 
dles, be ſuppoſed entirely void of it? As 
this is very volatile, it is only in a cloſe veſ- 
ſel that it remains entire, and eludes the 

force of fire; but when hot, it gives off the 
fixed air: befides, by the addition of the 
ſtronger acid, its texture is broken, and the 
ſabtile acid, which before was latent, how 
breaks forth. Add to this, that, whether vi- 
triolic, nitrous, br marine acid, or even vine- 
gar, be uſed in the preparation of ether, aerial 
acid is produced: either then the aerial acid 
is common to all the acids (Which is by no 


means confirmed) or it is derived from the 


decompoſition of the ſpirit of wine; other 
Wife L acknowledge, that the conjecture of 
fixed air originating from nittous acid, does 
not appeat improbable; of which we mal! 
| fay more hereafter. ra wee ah R 
That ſpecies of air, which is indiſpenſably 
neceſſaty for the fſupport of flame, and for 
animal reſpifation, is generally called de- 
phlogifticated, This air, united With a cer- 
tain quantity of phlogiſton, conſtitutes the 
matter of heat, as Mr. Schrele has demon- 
ſttated by a long train of experiments, the 
chief of which 1 have repeated with the 
ſamk ſucceſs. Setting this down as a prin- 
ciple, let us ſee what alterations ſuch air is 
liable to. The pureſt air of this kind which 
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ean be got, eannot be rendered unfit for 
the ſupport of inflammation or felpira- 
tion, either by flame, by nitrous air, by 


electrical ſparks, or any other of those 


perations by which we certainly know 
phlogiſton to be ſet at liberty; yet it con- 
| tracts in dimenſion, and is at length entite- 
I conſumed, and that in ſuch a manner 
at, united with the phlogiſton, it' forms 


55 the matter of heat, and, being utterly ineo- 


very elegant appearance tiviy 


ercible, pervades all manner of veſſels. A 
be produced 
by this air; for if a piece of wood, or a 
candle newly extinguiſhed, be put into a 
bottle containing it, provided the ſmalleſt 
ticle remains ignited, a flame js inftant= 

I kindled with a bright coruſcation, and 
As it were exploſion : this flame is diffuſe 
and deerepitates, and the eye can ſcarcely 
bear its ſplendor, When'this experiment is 


performed in an inverted veſſel, the orifice / | 


of which is kept beneath mercury, it is evi- 
dently Teen that almoſt the Whole of the air 


difappears; the remainder amounts to 4, Ne 


nay ſometimes fearcely forms o, or of the 
original bulk; and this refduam conſiſts 
partly of aerial acid, and partly of air unfit 
for ſuſtaining flame, or being ſubſervient to 


reſpiration, Which had been Minn Nen 5 


ed with the pure air. 5 
The ſame thing takes plate on we at. 5 


mixture of nn. and nitrous air; 
5 OE: ſometimes | 
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ſometimes ſcarcely - any remains, ſometimes 


ix of the bulk, but in general much more. 
The variations in the quantity of the reſi- 
duum are ſufficient to ſhew the different de- 
grees of dephlogiſtication, or (which is the 

lame) the different degrees of purity of the 


air. This purity may be accounted for in 


three different ways: for either all its par- 


ticles may be of the ſame nature with the 


whole; or a certain number of exceeding 


pure particles may be mixed with a deter- 


mined quantity. of ſuch as are very impure; 
or, finally, the different particles, being each. 
endowed with their own peculiar degree of 
goodneſs, compoſe a maſs of an interme- 
diate nature. Each of theſe caſes may oc 
caſionally take place; but in my apprehen- 


ſion the laſt ſeems to be more conformable. 


to the uſual order of nature. With reſpect 


to the explanation of the phænomena, they 
all apply equally; but as the ſecond ap- 


pears to be the moſt ſimple, I chuſe that. 


Let us now ſuppoſe the perfect nitrous air 


(which, upon the loſs of phlogiſton, is all 


reſolved into dof acid) mixed to the. 
point of ſaturation with dephlogiſticated 
air, then all the elaſtic fluid, which had 


been confined by the glaſs, diſappears, by 


generating heat and penetrating the veſſel. 
This takes place if the dephlogiſticated air 


be perfectly pure; if not, the reſiduum will 
e the degree o ok its. impurity, Upon. 
this 


— 
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en 


this p rincip le the beſt common aerial air is 


faid — ee of dephlogilticated ; air 2, ad 
the worlt k. | 


it ip probable that good may be con- 


| waited. into noxious air; this muſt be ow- . 


ing either to the abſtraction of ſomething. 
from the maſs, or the addition of ſome 
heterogeneous matter to it. The ableſt phi- 
loſophers have, by unanimous conſent, de- 
termined the latter to be the caſe, and con- 
ſider phlogiſton as the cauſe of this corrup- 


tion. — However, let us for a minute waye. 


theſe opinions, how reſpectable ſoever, and 
candidly enquire into the truth of the fact, 
at the ſame time begging Pardon , for the. 


boldneſs of our attempt. 
Let us examine thoſe proceſſes by whit 


phlogiſtication is performed: let us ſup- 


poſe a lighted candle ſet cautiouſly in air 
of abſolute goodneſs ; we ſhall ſee an exceed 


ing vivid flame, and the candle will be con- 1 


ſumed with extraordinary ſwiftneſs, until a 
' ſmall portion of air remains, which exhibits. 
the properties of aerial acid, proceeding 
doubtleſs from the tallow, into the compo- 
ſition of which that acid enters in great 


quantity. The phlogiſton, being ſet at li- 


berty by the combuſtion, is ſeized by the 
pure air, is converted into heat, and pene- 


trates the veſſels; and hence the diminution 
of bulk which i is obſerved. If at firſt there | 


had been more or. leſs of air unfit for ſuſ⸗ | 
. flame, ck air will be in the ik 
| | #7 - = 
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left behind entirely unchanged, together 


with the aerial acid; but in this caſe the 
diminution of bulk will be leſs. og 
Me have already explained the mode of 
operation of the nitrous air. | 
Let a mixture of tin, lead, and biſmuth, : 

which melts by the heat of boiling water, 
be fuſed in a cloſe glaſs veſſel, the air which 
78 ineluded will be diminiſhed i in prof 3 
to its Aae ; and if this be abſolutely 
pure, proportional quantity of the Ay 
Ef be Hy lined and the whole of 
the elaſtic Ky will diſappear. 5 
Electrical ſparks are ſmall flames, which | 
indicate the We of phlogiſton, and 


at the fame time generate heat. i 


85 theſe Phænomena concur in ſhewing 
at pure air acquires, by phlo iſtication,' ſo 
5 a degree of ſubtlety, that it cannot be 


confined in glaſs veſſels, nor be any longer 


inſpired ; but no noxious air is produced. 
Now, if a fimilar phlogiſtication took place 


on teſpiration, a ſimilar diminution of bulk 


would alſo be obſerved, Which is contrary | 
to experiments the moſt accurate.' Mice, 
when included in air confined by mercury, 
and ſuffered to die there, do not occaſion, 1 in 
-general, a diminution of air equal to , a 
loſs which is doubtleſs owing > the ſmall 
portion of air expelled by 50 heat of the 
animal at its lt introduction. A very dif- 
ferent operation ſeems therefore to be 2 80 
wes in the proceſs. of e, £20 75 
5 t at 


or METALLIC PREQIPIFATES, 3, 


that which is carried on during deflagra+ 


tion; perhaps the air rather convey Niet 


giſton to the lungs than takes it away. From 
whence does a pine, growing in the dryeſt 
ſand, receive its oily matter, is it not from 
the air? Such animals as by manducation 
mix a large quantity of air with their food, 


are obſerved to grow. fat in an extraordinary . 


degree. But we ſhall wave thoſe arguments 


drawn, from analogy, and proceed to ſuch, as 


are more direct: —the air in which flame is 
extinguiſhed, can be breathed almoſt as long 


Afi Jet nevertheleſs, during deflagra- 
don, Phasen 18 Cl i 
by it the pure air is fitted for eſcaping 


is copiouſly evolved, and 


through the veſſels, but is not vitiated, 
which it always is by. reſpiration. Freſn 
blood, when agitated in pure air, does not 
diminiſh its bulk, but renders it unſit for 


ſupporting flame. But if the diſcharge of 


phlogiſton, from the lungs was ſo indiſpen- 
fably. neceſſary as the moderns aflert, un- 


Goubtediy inflammable air would de the 


moſt. noxious; of all; nevertheleſs, the 'ce- 
lebrated Mr. Scheele had courage to make 
the experiment, and to inſpire air, extri- 
cated from iron by vitriolic acid, no leſs 


than 30 ſucceſſive times. After this, its 


bulk was found the ſame as before; and its 
inflammability not only deſtroyed, but its 


nature ſo changed that it extinguiſhed flame, 


I haye myſelf repeated; this remarkable ex- 


periment 
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riment with'the ſame ſucceſs, except that 
was not able to inſpire above 20 times. 
Hence it appears at leaſt, that phlogiſton 
may be abſorbed by the lungs, without any 


' conſiderable danger. I acknowled ge, that 
ſmall animals, when incloſed in this kind 


of air, ſoon periſh; but this does not, in my 


judgment, at all tend to ſhew, that ae in- 


flammable principle, in more ſimple com- 
binations, cannot be innocent, or even "116 


tary and neceſſary, to the animal economy. 
When we conſider the prodigious quantity 
of this ſubtile principle, which is found in 


all organized bodies, the powerful effects 


which the proportion of its quantity pro- 


duces in the formation of different "BY 


ſtances, we ſhall ſoon ſee the neceſſity of 
_ continually repairing the loſs of Rai 


ton which the blood ſuffers during circu- . 
lation from the ſeveral ſecretions. Let the 
ſagacious obſervers of nature examine care- 
fully this problem; let them deviſe and 
execute ſuitable experiments, and I truſt 


that this material point will ſoon be de- 
termined. 


In the mean time, fince all or- 
ganized bodies are incapable of flouriſhing, 


or even of exiſting, without good air, we 
muſt take leave to call this air good, or rather 


e, until its dephlogiſticated ſtate is evin- 


ced by uncontrovertible arguments; and to 
call that air vitiated which is uſually called 


20s "a as it labours perhaps rather 
under 


2. 
—_ 
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under 2 defciency than a ſuperabundance of_ 
| pale.” ad 

IJ 'thall here briefly explain a theory of 
rn ſubſtances, ſome circumſtances of 
which I hinted in an oration before the 
Royal Academy of Sciences, in 1777. Some 
of theſe circumſtances have ſince appeared 
to me eſtabliſhed beyond doubt, ms others 
of them only probable, but yet to be ſuch 
as agreed well together, and are at leaſt wor- 
thy of a more accurate examination. Whes 
ther the conſequence of this examination be 
to eſtabliſh or to overthrow them, natural 
1 will be enriched, and I will not 
{pa re them myſelf, if by new experiments I. 

all diſcover them to be falſe. In the 
mean time I hope that a curſory account of | 


chem will give occaſion to deciſive experi- 


ments. 
The celebrated Dr. Prieſtley hw ſhewn, 
by a multitude of experiments, 7 thi dephlo- 
iſticated air may be extricated from almoſt 
all bodies, by means of nitrous acid. He 
has alſo ſhewn, that this air 1s found occa- 
fionally more or leſs mixed, ſometimes with 
aerial acid, ſometimes with nitrous air, 


ſometimes wizls that elaſtic fluid which is i 


called phlogiſticated air, ſometimes with al! 
of them together, yet ſo diſpoſed that they 
generally exhibit themſelves in various or- 
der; ſo that from the ſame mixture, expoſed 
to fin in different veſſels, ſometimes one of 
theſe fluids will 1 firſt, ſometimes in- 
Vor. II. B b dee, 
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termediate, and ſometimes laſt. He has 
ſhewn that nitrous acid is very greedy. of 
phlogiſton; and that it is wonderfulhy di- 

verſified by the variety of quantity and con- 
nection of this principle. I ſuppoſe it is 
well known that a large proportion of phlo- 

Fgiſton in a body renders it in general im- 

miſcible with Water, 00:7? [2:5 STC S290Qm9V 
May not | therefore the nitrous acid, by a 

certuin quantity of pblegiſton, be ee e 
co aerial. acid the phlogiſton imparting to 
it elaſticity and levity, weakening its acidi- 

- ty, increaſing its attraction for abſorbent 
earths, and changing a former properties, 
or creating Newt! 5 ona ung | 

May not its acidity 9 7 epreſſed dy 4 
el greater quantity of phlagiſton, that it will 
elude our examination, refuſe to unite with 5 
water, be neither eaſily deprived of its phlo- 

giſton, nor any further loaded with it; 
being unfit for reſpiration by its obſtinate 
retention of phlogiſton, and for the ſuſtain- 
ing of flame by its being no longer able to 
take up more — thus generating that pon 
of air which is called phlogiſticated ?/ 01/114 
\ gs it 5 . an abundant quanti 77 9 
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any further diminution of that principle, or 
(if we may uſe: the expreſſion) à deter- 
minate calcination, returning occaſionally 
to the ſtate of phlogiſticated air or aerial 
aid. Animals provided with lungs are Jeſs 
able to dephlogiſticate this air than thoſe 
which breathe: through ſpiracula, or than 
vegetables; the former converting it into 
phlogiſticated air, the latter (7) into aerial 
acid. The experiments which have hither- 
to been inſtituted in another way ſhew a 
very different effect of vegetation upon air; 
but if I am not miſtaken the cauſe of the 
difference depends upon the diverſity of cir» 
cumſtances. We know that vegetables lan- 
guiſh, grow tranſparent, and loſe their co- 
lour in the dark; but when thus vitiated 
are ſpeedily reſtored by the rays of the ſun. 
Light conſiſts of the matter of heat, with an 
exceſs of phlogiſton; this exceſs is firſt ab- 
ſorbed, and afterwards by degrees, though 
with more difficulty, the phlogiſton itſelf; 
which conſtitutes the matter of heat, is ſe- 
parated; for no vegetation can proceed 
without heat: and by this proceſs the other 
Principle, the pure air, is ſet at liberty. 
Therefore, 8 to the inequality in the 
degrees of heat, according to the different 
poſition of the vegetables with reſpect to 
light, e to their different e in 


) Mr. Ys found + air was availy ; 
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decompoſing light and heat, diſſimilar effects 
muſt neceſſarily take place. Even water 
_ nſelf, which appears ſo ſimple and homoge- 


neous a ſubſtance, frequently contains invi- 
ſible organized badies, which, when ope- 
rated upon by the ſun's light, by their ve- 
getation produce the ſame eee, 
and generate pure air. 

If the varieties of noxious air can be ren · 
dered wholeſome by | agitation in water. 


(which J confeſs I have not yet examined 


with due accuracy) according to our hypo- 
theſis all the varieties, except inflammable 
air, ſhould be loaded with phlogiſton during 
the operation. It 1s known that water. al- 
ways contains a portion of pure air (.g).; and 
daily experience ſhews, that air diſperſed 


through water may, by continued agitation, | 


be again collected, eſpecially with the help 
of a little heat. Do not the emendations 
of air depend upon this? Water deprived 
by boiling of its air, ſpontaneouſly reco- 
vers it when expoſed to the open air: but 


5 water is not fluid without the aſſiſtance of 


heat, and to that end it requires a degree 
equal to 72* (). J can ſcarcely believe that 
the matter of heat undergoes any decompo- . 
fition during the agitation; but if that ſhould 

ſo happen, an air being preſent which wants 
phlogiſton, a double fource of pure air, will 
©ccur ; the e one by its en phle- 


00 Vol. i. i. p. 285. 
giſton 


0 Vo. i. p. 111. 
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giſton correcting the noxious air, the 
other, by the extrication of phlogiſton, ſet- 
ting free the pure air which had before en- 
tered into the Were cep of the matter ' 
heat. Menn IT Wy rh: 
But it is not yet batten e — — | 
rank in this order is to be aſſigned to the 
nitrous air: It abounds with a larger quan- 
tity of phlogiſton perhaps than the aerial 
acid, but more weakly united, on account f 
the moiſture which the celebrated Fontana 
has ſhewn to enter its compoſition. Here too 
we are at a loſs for the reaſon why pure ain, 


already loaded with phlogiſton, is yet able 


to deſpoil the nitrous acid of that principle. 
laflammable air is undoubtedly: charged 
with abundance of the principle of inflam- 
mability; but in other eee its compo- 
ſttion is very obſcure. On tlie one hand it 
Cannot exiſt in a perfect ſtate in bodies be- 
fore its ſeparation,” as, if that was the caſe, 
it could be extricated even by nitrous acid; 
nor on the other, does it ſeem to require the 
admixture of any particular acid: for it is 
extricated from iron equally: by. the vitriolie 
and the marine, and even acid ex 
ceept that of arſenic, and, What is moſt of all 
to the purpoſe, without the aſſiſtance of any 
acid menſtruum whatever, but merely byia 
proper degree of heat. It is reduced by be- 
ſpiration to a vitiated air. If therefore the 
above theory be agreeable to truth, the prin+ 
e of it ought to be found in the nitiaus 
B b : & acid 42 
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the matter of heat; and that which is called 


metal is neceſſary to its compoſition: in 


dia between thoſe that we are acquainted 
"with of this we are the more confident, as 


* 
75 
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acid; But as pure ait, on the "acceſs of 4 
greater quantity of phlogiſton, conſtitutes 


inflammable air ſeems to exceed the pure in 
quantity of phlogiſton, yet does not thereby 

acquire ſubtlety enough to penetrate? glaſs; 
there exiſts perhaps in this caſe ſome 3 5 
liar connection: for we cannot cafily con 
ceive that the bare increaſe of Phisgiſten 
can render the texture of its parts too groſs 
to paſs the 33 of the glaſs: we muſt 
however confeſs that ſulphur, which is per- 
baps more loaded with phlogiſton, is much 
dener than vitriolic acid. Vet, although in- 
flammable air diſſolves ſomewhat of the me. 
tal, carries it up, and after depoſits it in wa- 
tet, we cannot properly conclude that the 


like manner other heterogeneous matters may 
be mixed by ſolution with the other aeriform 
fluids, and afterwards removed without in- 
Juring the properties of the fluidds. 

Nature proceeds by inſenſible ien 
but it is not in our power ta follow her 
cloſely, being only capable of diſtinguiſh- 
ing the more remarkable ſteps. There is no 
doubt but other elaſtic fſuids form interme- 


' we know for certain that pure air, nitrous 
ait, and inflammable air, are not always 
procured of the ſame degree of virtue and 


* 1 17 2 »” © 
* PW # = * 


Q8 3ME mmm e 
If this theory, gathered from ſuch phæ- 
nomena as are at preſent known, be true, 
it will not be difficult to underſtand the ge- 
neration of nitre upon the ſurface of the 
earth; the inimical nature of aerial acid, 
with regard to reſpiration, above all other 
noxious fluids, a property by which it is 
capable, when taken into the lungs, of de- 
ſtroying as it were the original ſtamina. of 
the animal machine; and many other eir- 
cumſtances hitherto, involved i in. im penctra- i 
ble- darkneſs. Kun iI t $4408 li 4 
0) As to the heat, generated during the | 
ſolution of metals, it is owing, to the matter 
of heat which had been fixed in the metals, 
and is now ſet at liberty by the acid men- 
ſttua. All metals are eliquated by fire, 1⁰ 
that we cannot determine, whether this de- 
pends upon the fire uſed. in ſuſion, or. wWher 
ther it belongs to metals themſelves. "Many 5 
bodies retain a conſiderable quantity of heat 
fixed, although they have neyer. been ex- 
poſed to the fire, as we have already, ſhewn 
in the inſtance of lapis calaminaris (i 7). 
a (E) The calxes of metals Are gdeffcient il in 
that quantity of phlogiſton which is neceſ- 
ſary to their metallic ſtate, but yet are not en- 
tirely without it; therefore in their ſolution 
ſcarce any elaſtic fluids are generated, unleſs 
the fire be continued after exficcation, ; h ſuch 
s contain aerial acid diſcharge it, im 
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diately in the ſame form as they had received 
it. It is remarkable, that Dr. Prieſtley 
rgentions a calx of lead which, with the acid 
of phoſphorus, produced an inflammable air. 
By means of the nitrous acid, and evapora- 
tion to dryneſs, a pure air is produced; partly 
by the decompoſition of the matter of heat, 
and partly by the phlogiſtication of the ni- 
trous air; for metallic calxes, and ſeveral 
other earthy matters, attract the nitrous 
- acid, and fix it to a certain degree, ſo that 
it can be loaded with the phlogiſton of the 
heat; during which operation the pure air, 
Which is the other principle of heat, is ſet 
at liberty, and at length a like air is gene- 
rated from the nitrous ait. Pure nitre, urged 
by fire, illuſtrates this proceſs very well. If 
nitre be kept red hot upon a tile for half an 
hour, and upon cooling vinegar be added, 
or even a weaker acid, immediately the phlo- 
giſticated nitrous acid is diſcovered: by its 
ſmell; but from whence can this phlogiſ- 
tication be deduced, only from the heat 
paſſing through ? Beſides, by a long conti- 
nued fire, all the acid is expelled; but a very 
ſmall quantity of it may be collected in a 
recipient adapted for the purpoſe; and in 
the mean time, by means of a pneumatic 
apparatus, air of different degrees of good- 
_ - Heſs may be had in great plenty. Does not 
this manifeſtly indicate ſucceſſive ee 
* place 1 in the acid 33 2 | 
I en 
(3: e 9 
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Sometitses 8 final portien of witrielte t 
is had, by means of a proper degree of fire, 
from vitriolie acid, but a far greater quantitę 
of pure air, occafioned o the Tanger Sm 
of the heat. © 292: | 
er) The ſolution bade y 6 Wehnen 

above mentioned contains a metallic calx 
intimately united with the acid ; but the 
quantity of phlogiſton remaining varies, ac- 
cording to the difference of the menſtrua, 
and of the temperature. The operation | 
being performed, either with or without an 
intenſe heat, frequently occaſions a notable 
difference, as we have already obſerved” in 
the inſtance of (+) nitrated mercury. That 
calcination is effected more gently by the 
marine than by the nitrous acid, will eaſily 
appear on pouring concentrated nitrous acid 
on tin ot antimony; the difference is not 
ſo viſible in the _ metals,” if it actually 
does take place. Nam; 

As the neceſſity of io Gallltintibhy during 
the ſolution of metals, has been thought by 
ſome” modern chemiſts not only doubtful 
but even falſe, let 'us here confider ſe a- 
rately, but briefly, the caſe of the & 
metals, which they infift ought to be e- 
cepted, as they do not yield to the moſt in- 
tenſe fire. Let us therefore obſerve,” iſt, "that 
during their ſolution” nitrous air is always 
generated, een ee perfect kind; this 285 
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cannot ariſe without phlogiſton, but in this 
caſe there is nothing preſent. which can 
weld phlogiſton, except the metals: there: 
fore, ad, the metals, when itated from 
the menſtrua by fixed Alia, both with 


rteſpect to their external appearance and in- 


ternal properties, appear to be calcined; | 
v. g. the precipitate of gold rejects mer- 
cury, is diſſolved in marine acid, and 
ſimple menſtrua, and that without the 
duction of any elaſtic fluid. zd, Glaſs nap 
be ftained by theſe, metals; but no metal in 
its complete form can be taken up by glais; 
much leſs ſerve to ſtain it. b 
The vulgar objection ariſes from, hone; 
that the calxes of the perfect metals may be 
reduced ſolely by means of a — de- 
gree of fire, without the addition of char- 
coal; but this depends upon the great force 
with which theſe calxes attract phlogiſton, 
ſo that they are able to decompoſe the mat 
ter of heat, and to take away and retain as 
much of that principle as is ſufficient to 
give them the metallic form; and it is for 
this reaſon that they reſiſt the effect of fire 


ſo obſtinately, when in their metallic ſtate: 


for when any phlogiſton is taken away, it is 
inſtantly replaced. The calxes even of the 
amperfe& metals attack phlogiſton, but are 
not able to retain a ſufficient quantity. Mer- 
cury is a ſort of intermediate ſubſtance, as 
it may, like the imperfect metals, be cal- 
cined-by fire alone, hough. with much dif- 
* 52 Ta. | * 
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 Keulty, and yet, like the perfect, it dan from 


heat alone receive phlogiſton to ſatura- 


* 


tron 329321 (96 ͤ tokiges 


The following has been propoſed to me 
as an inextricable dilemma : Sz/ver cannat 
% amalgamate æirb mercury, except uben un 


& trated filves are talen up by\ mercury it 
ei therefore not calcined by tbe acids,” but 
auberes to them in its metallic form. We: 


ſhall not need any aſſiſtance from the higher 


chemiſtry; in order to ſolve this. It is well, 


known that the calx of copper, diſſolveil 
in vitriolic acid, is precipitated in its me- 
tallie form on the addition of iron, and that 
by means of a double elective attraction; for 


the iron diſſolving in the acid would form 
an inflammable air by its phlogiſton, were 


not the copper preſent, Which takes it up, 
and thereby becomes inſoluble ſo long as it 


retains it: but from the table of elective 


attractions it appears that mereury poſ- 
ſeſſes a ſtronger attraction for acids than 
ſilver does; if therefore ſalited or nitrated 


ſilver be triturated with merdury, the ſilver 


muſt be precipitated in a metallic, and the 


mercury calcined be diſſolved. This alſo 


takes place, provided there be moiſture ſuf- 
ficient to ſuffer the elective attractions to 
operate; the ſuperabundant mercury greedily 
takes up the comminuted filver precipitate, 
and the arbores Dianæ are nothing more than 
ſuch an amalgam eryſtallized. Upon this 
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head we ſhall ay more (5 iv.) ; the fun- 


datmental objection is therefore, I hope, re- 


moved. But although the acids cannot take 

any metal, while it retains its full pro- 
portion of phlogiſton, yet various metallic 
falts are able to effect that ſolution; thus 
nĩtrated or ſalited mercuty boiled in water, 
together with the crude metal, can take up 


a Certain proportion of it, without dephlo- 


giſtication; and the latter of theſe two ſalts 
by this method, even in the via ſicca, be- 
comes a mercurius dulcis, which contains 
at the fame time a erude N (00 7 0 . 
gr os? i Satin . 4 

Perfect ſolutions Went in) Sea 10 


tragſparent, and ſome are alſo diſtinguiſhed 


by a peculiar colour, namely, that colour 
Which is 5 gu to the calx, only rendered 
more vivid by the moiſture. Thus ſolutions 
of gold and platina are yellow, thoſe of 
copper blue or green, thoſe of nickel of a 
bright green, thoſe of cobalt are red, al- 

though 2 calx is black; we may obſerve 
that even this red colour may be heightened 
to blackneſs; iron, moderately calcined, is 
green, but chis rarely continues upon further 5 


dephlogiſtication. The white calxes of "fil; 


ver, lead, tin, biſmuth, arſenic, zinc, anti- 

mony, and manganeſe, are diſſolved without 

colour ; bur ſolutions of the lead, tin, and 

. Warpe ggg Farah antes | W 
5 $6 3 1590-2553 +55 TY Woe f 

2 = 4 Stock, 2556. „ n Nabe. 
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ciently diluted. | To this rule mercury forms. 
a fingular exception, for the; orange=co+. 
loured calx of this metal is eee 
menſtrua without colour. 
That phlogiſton is the chief cauſe of cas. 
lour, appears alſo from hence, the black 
calx of manganeſe tinges vitriolic acid with. 
a red colour, but on the addition of ſugar. 
the tinge is entirely (n) deſtroyed. 3 2 
acid is rendered blue copper, but when. 
the metal is added in conſiderable quantity, 
it becomes of a very deep green; the marine 
acid, which dephlogiſticates the copper leſs,. 
is yet made green, but by dephlegmation. 
may be ſo condenſed as to appear. brown. 


I have ſometimes ſeen, a ſolution, of filyer, 
green, although there was not preſent the 


ſmalleſt particle of copper. This depends 
upon the abſorption of nitrous air; 2038 let 5 
ſmoking nitrous acid be diluted, on the | 
addition of a certain quantity of water it 
will be of a deep green, by a greater blue, 
and upon a ſtill greater, becomes limpid 3 
by means of the water the nitrous air is 
tended to a greater ſpace, and this attenua⸗ 
tion, gradually increaſed, varies the colours. 
From what has been ſaid it readily appears, 
why nitrous acid is made green by a arge 
quantity of copper. 

Metals dephlogiſticated by acid ſolvents 
powerfully, pony. phlogitens nay, Wa 


0 Of the whit ort Iron, vin. 
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flver and mercury, and Mlited antimony, | 
corrode animal ſubſtances; in order to ex! 
tract it. This metallic oauſticity, whichis 
only to be moderated by phlogiſton, ought 
to be carefully diſtinguiſhed from the acid 
cauſticity, which is repreſſed by alkalis, and 
the alkaline, which is mitigated by acids. 
According to the quantity of phlogiſton 
preſent, colours vary; and ſome experi- 
ments ſhew, that by a ſufficient quantity 


all colour is entirel y deſtroyed; ſomewhat in 


the ſame way as a White light is generated 
by the union of the ſeven primitive colours 
but of min e a Har ishog gott edob 


O. 4 Tia ln tiles 
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Proud are! the methods by Which dif- 


ſolved metals may be ſeparated from their 


menſtrua; and the appearance and nature of 
thoſe precipitates are occaſionally varied in 
this operation in a very ſingular manner. 
— We ſhall mention mw of the moſt res 
markable. OLED 2047.16 eee 

(A) All nde may het recipe by 


alkaline falts, which by their ſuperior power 
of attraction ſeparate them from their men- 
ſtrua; but the differences of theſe alkalis, 
with reſpect to their nature and preparation, 


impreſſes the . with different 9 


racters. 


With 
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„With the cauſtic, fixed alkali theccalas” 
falh almoſt entirely pure, but loaded with 
water, and the matter of heat which is ex. 
pelled from the alkalis by the acid. The 
weight is found to be encreaſed by the was; 
ter, and 3 ps by the matter Mun but 
yet leſs than by the aerial acid. eee 
„With the aerated fixed alkali, by means 
of a double decompoſition, the aerial acid 
unites to moſt calxes. We Have already ob- 
ſerved, that the vegetable alkali, completely 
acrated, precipitates a white calx from ſali⸗ 
ted mercury, but that the mineral alkali 
does not poſleſs that () proper. 

The volatile alkali, which naturally con- 
tains phlogiſton, ſometimes phlogiſticates 
the precipitates: it throws down a black or 
white precipitate of mercury; nay, makes 
the;orange-coloured; calx .white, the reaſon 
of which phenomenon we ſhall ſoon. (o) ſee.) 
Gold receives. from this re its ful- 
minating quality, (oO efore explained 

"The alkali,, which...is commonly, el 
phlogiſticated, generally -precipitates metals. 
with an increaſe of weight, as as Mr. Macquer 
firſt demonſtrated. ver rr 166 UA). 
() Frequently the acids. occaion pfeci- 
pitates, and that for, different, reaſons: a7 * 0 
By means of elective attraction, flyers 
| TEXAS and, lead d, are taken from the hi- 
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Gene acid, by the addition ee marine or 
vitriolic. Theſe acids form with the metals 
new compounds; which are difficult af ſo- 
lution in water, they are therefore precipi- 
tated in greater or wen quantity, sg 
to circumſtances. „ it 1th 
By too much Jephlevidication the nitrous: 
. can decompound ſalited tin and anti- 
; for when theſe, calxes are too much 
8 they reject menſtr a 
(e) Alkalis, ſaturated with acids, which 
are called neutral hen ſometimes diſturb; 
e ſolutions. iti fiene 
By means of a double elective attractior 
all thoſe which contain vitriolic- or marine 
acid decompoſe ſolutions: of ſilver, mercury 
on lead, in marine geld and precipitate. the 
e if nt 2165qas-;2199014 Ifl3 
By forming a triple cortiiiiatice} the ve 
octable, as well as volatile alkali. although” 
faturated with vitriolic,, nitrous, or marine 
acid, precipitate platina from aqua regia: If 
the mineral alkali forms the baſe, the neutral 
ſalt has no power of this ſort; — theſe 
phænomena eee, mann conſidered 
elſewhere. 49189 3 ; v4 vd hagodges 
(o) Some W falts can decompoſe 
others, and -Precipitate - their - baſes," This 
may happen when the aeid is different in 
the two ſalts, or, what is more ſingular, even 
though it be the ſame. 
Solution of an Wow” us an exam ple of 
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each of theſe two caſes (q). This, as is well 
| known, is precipitated by nyt vitriol, al- 
though the reaſon, ſo far as I know, has not 
been yet explained; but upon examining 
the precipitate carefully it will be eaſily un- 
derſtood: for this, when waſhed and dried, 
not only ſhews' many reſplendent gold-co- 
| loured particles, but alſo unites. with mer⸗ 
cury by trituration, diſſolves in aqua regia, 
but not in marine acid alone, together with 
other circumſtances which evince a com- 
plete reſuſcitation of the gold.  Cryſtalliz-" 
able martial vitriol contains phlogiſton, but 
very looſely adhering (7), ſo that the calx of 
the gold may very eaſily take it away to ſu 
IV the loſs it had ſuſtained durin he bo 
lution. That this is the true — oc of 
the proceſs, appears alſo from this, that the 
weight of the diſſolved gold is preciſely re- 
covered: it is alſo proved from this cir- 
=cumſtance, that dephlogiſticated vitriol will 
not precipitate gold. It may reaſonably be 
enquired why the ſurrounding aqua regia 


leaves ſuch a precipitate untouched. The 


reaſon 1s, that the menſtruum is diluted and 

weakened: by the quantity of water; for upon 
boiling it — ſo as to expel the water, 
the menſtruum recovers its ſolvent power, 

and takes up the precipitate.— We come 
now to the origin. the porpas a 5 


ar 
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Fhat a ſolution of gold in aqua 
fhould- be precipitated by a ſolution of tin, 
the fame menſtruum, is of more difficult ex- 
pflanation: — in this caſe, it is the fame 
menſtruum that holds the two metals diſ- 
| ſolved; what then is the cauſe of the 
change? At firſt I imagined that the tin 
had attracted a ſuperabundance of the acid, 
and taken it from the gold, which being 
therefore deſtitute of the proper quantity 
muſt neceſſarily fall to the bottom: but 
upon employing a ſolution containing ſu- 
erabtindant aqua regia, the ſame Y 
—— — 2 * cauſe is F war ru 
not to be ſought in the menſtruum: let us 
examine the precipitate itſelf, and perhaps 
the knowledge of its properties will un- 
fold the myſtery. Its external appear- 
ance ſhews nothing like the metallic 2 | 
dor, but altogether reſembles a calx : it is 
* eaſily found by its weight that it cannot 
confiſt entirely of gold; and in fact chemi- 
cal examination diſcovers a conſiderable 
uantity of tin. It cannot be diſſolved by 
marine acid alone, but, upon the addi» 
tion of a little nitrous acid, is caſily taken up: 
triturated with mercury, it ſcarcely unites 
with it. Theſe properties ſeem to indicate 
that the gold has ſo far received phlogiſton 
as to reſiſt the marine acid, unleſs aided by 
the nitrous; but its earthy appearance, and - 
its habits with reſpect to mercury, evince 
that i it is not in its 99 metalli c form. 


3 N May 
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May not therefore the following explana» 
tion be conformable to truthꝰ The ſolution 
of tin neceſſary for this operation muſt re 
tain as much phlogiſton as it poſlibly 
conſiſtent with ſolubility. This is dropped i 
into a ſolution of gold very much dilu 
by which means the — phlogiſton 
of the tin is more looſened, and is more 
caſily attracted by the gold calx, which 18 
thereby brought to a ſtate approximating: to 
completion, ſo that it can no longer be re- 
tained by the menſtruum; and the ſame 


e to the tin, by means of the de- 
phlogiſtication: they muſt both therefore of 


O 


confequence fall to the bottom, mixed inti- 
mately together. It is probable that in this 
caſe, it is the ak which prevents ene 
with mercury. + 3th; "af $4 
(E) Beſides, the metals precipitate one 
another after a certain order. his order is 
found to be the ſame in all acid menſtrua, 
and is mentioned in another place. This 


cipitation is effected by a double elective at- 


traction (i); for the metal which is to be pre- 
eipitated, exiſts in the ſolution in a calcin- 
ed ſtate; but being reduced by the phlogiſ- 
ton of the precipitant falls 5 the bottom, 
while at the ſame time the precipitant being 
calcined becomes ſoluble: but if the precis 
on has been ſo calcined, that a part of it 
ng inſoluble is A IS the ca ye | 
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the metallic ſplender is wanting! and it 
uts on an earthy appearance. A pure pie. 
ipitate is of the fame weight as the metal 
had been before the folution. The mixed 
precipftates are leſs frequently met with 
et gold 1 * tin exhibits" one of 
that ſort. Fanbus EIFS 
But many atiomalous circumſtances" occuĩ 
in this matter, depending, no doubt, upon 
accident. The order is indeed conftant, 
and never inverted 2 zinc prevails over iron; 
Iron over lead; lead over tin; tin over cop- 
per; copper over filver; filver over mer- 
cury, &c. : yet it ſometimes happens that 2 
metal, which, according to the general rule, 
precipitates anther? in its metallic ſtate; From 
one wender, precipitates it from another in 
the form of a calx; and from à third, not at 
all. Some examples will Illuſtrate this: 
Zine precipitates iron from matine acid in 
its metallic Rate; but from the nitrous 6Hily 
in che form of 4 calx. Perhaps the phlo- 
giſton of the zino is not ſufficient” to reduce 
the iron, which in the latter caſe has beer 
much more dephlogiſticated; yet the par- 
tieles of iron, although they were at firſt 
metallized, may be again calcined in a men- 
ſtruum Which ig very greedy' of phlogiſton. 
Tin, precipitated from wrde acid by lead, 
| appears/7n a complete form; but is hot 
ro 


wn down from 7 acid; 17 0 N 


vinegar 18 reci itated in for of 4 ca 
2 ven b by or an 56 * ets all rok 180 be 


28 from 
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from vinegar upon the addition of i Iron, 
Theſe and other ph 13h will be, expreſs» 

 ly,examined z e of e a 8 

wall „be ſufficient, here to mention th 

ſmall exceſs of acid is neceſſary; and 1 
without it no precipitation begins (2): but 

great ſuperabundance prevents that opera- 
tion, by again diſſolving the precipitate; be- 
ſides, the weights of the precipitates and the 
ene nee do ner re 1 


„ 1101 wt 1999 18 & 7 — 5 149 44 Ki — Mya 7 1 Nr 
«JOY "v7" Colurs of nittallic Pricipitates. ” Tome 
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Before ye Conſider the weights of the dif- : 
fereat metals, we ſhall. lightly touch upon 
the precipitates. I employed the mineral 
alkali, as the degree of ſaturation of it with 
aerial, acid i 18 more conſtant. When 1 had 7 
occaſion for a cauſtic alkali, I eee 
a ſmall quantity of -burned lime, in a 
bottle: the goodneſs of it was proved by its 
ogeaſioning no precipitation in lime- water. 
— The, preparation, of phlogiſticated alkali is 
Fdeſcribed in another place (2) +; » 
= +:(4),Gold diſſolved in aqua regia is ** 
pitated by cauſtic mineral alkali, almoſt 
— by! the aerated, yellow; as alſo by 
the phlogiſticated, unleſs ſome; iron be pre- 
ſeat; Which frequently happens. As the 
whole of the ane ſcarcely ey precie 


tronen Flas 2 781 
ot £) This was firſt L * the 1 Gahn... 
Trea tile on 2 ; humid Art of Alying, $ 1. 


a 34344 f he £92 L664 


ef C. 8 8 | Rica 


390 or METALLIC TRZeIrAT ES. 


pitated, I cannat Pretend + o aſcertain the 
weights. HJ: + £417 DSOIRTEGIAN: | In, bi 15 
(3) Neither the adi mar amid mi- 
ao] alkali precipitate one half of platina, 
diſſolved in aqua regia; the precipitate is of 
an orange colour, which on drying changes 
to a brown. An over proportion of alkali 
re- diſſolves the precipitate with a more ob- 
ſcure tinge; nay, the precipitation is ſo im- 
perfect, that alkali ſaturated with acid ſeems 
to diſſolve it. The phlogiſticated alkali 
does not precipitate the depurated ſolution, 
nor even make it turbid; but heightens the 
colour in the fame manner as the exceſs:of ' 
alkali does. Gu i Dab lam Toms: 

(c) Silver diſſolved in nitrous acid is pre- 
cipitated white by aerated mineral alkali; by 
the cauſtic. brown; and by the phlogiſticat- 
ed alkali of an — by the ni - 
trous as well as the marine acid, white; but 
the former precipitate conſiſts of: more diſ- 
tinct particles, which grow nen more 
flowly in the light of the ſunn. 

() Salited 9 red, 
or rather ferruginous, by-acrated alkali; by 
the cauſtic. more yellowiſh, or orange. Ni- 
trated... mercury, prepared without heat, 
yields a ferruginous precipitate with mineral 
alkali; a black with cauſtic: when pre- 
pared with heat, it yields to cauſtic alkali 
an orange, or reddiſh yellow precipitate: by 
phlogiſticated alkali it is precipitated from 
all 1 8 white; which, n dried, becomes 
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of a 'browniſh yellow. Salited mercury is 
very ſparingly precipitated by this alkali- 
The precipitate occaſioned by phlogiſticated 
alkak is again diſſolved if too much alkali 
be uſed- Darren n S841 18" NIA 122k 193 6 
We have Waben ithar? 4 White pros 
cipitate may be obtained by aerated Vege- 
table alkali, and have explained the cauſe. 
Corroſive ſublimate muſt be very cau- 
tiouſly precipitated: by cauſtic, as well ds 
aerated /hxed alkali; for the part ſeparated 
may again be diſſolved by a large q 
of water. If too much allaali be uſedʒ a new 
d ariſes of a peculiar nature. 
(z) Nitrated lead is thrown” dom white 
by aerated, cauſtic, or phlogiſticated alkali. 
IH too much alkali be uſed the laſt preci pitate 
is diffolved with a browniſh 0 louf! 
Bam raw rp = and falited lead is precipitated - 
whites) id 0211p bmi ge ro) nar hw 
31 Nitrated copper, which ſolution is 
blue, is of a bright green by 
aerated fixed alkali ; by the cauſtiey'of a 

iſh brown, which grows reddiſhy by a "By By 
ogiſticated alkali, copper is ated of 
ie - colour, — — grows of 
—— and upon exſiccation almoſt 
black. The aerial acid readily takes up * 
ſmall portion of copper during the precipi- 
tation; which is again eee che heat 

of bailing. fo Gen e eile bs 
_  nuferron is (precipitated. green — 
aerated fixed alkali, from vitriolie and ma- 
tne acid; this precipitate becomes of a 
16S | browniſh | 
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browniſh yellow, eſpecially on exficcatipns2 
— alkali it approaches more 
to black: in the precipitation ſome part is 
held in ſolution by the aerial acid; if the 
aerated alkali be uſed: the phlogiſticated 
alkali yields d dark blue pracipitate. 14 611 
2:48) Tin is precipitated white by 22 
alkaline ſalt, even by the phlogiſticated al- 
kali; but at length ſome blue particles, 
which are mixed, appear; ſo that the whole, 
when collected and dried, is of a light blue 
oolour. That theſe blue particles depend 
upon iron is eaſily ſeen upon calcination, for 
they beeome ferruginous, and obey tha mag 
nets have always found in tin an admix- 
ture of i rande d toll, HN a, 
0) Biſmuth is precipitated white by wa- 
ter and alkalis, particularly the former; 
phlogiſticated alkali throws down. yellow 
powder, which being mixed with blue par- 
tic les, occaſioned; by iron, at length appears 
K eee Jello ſediment cafily diſſolves 
itrougadttd; ao $14 :22tio det arforses: 
1. K) Nickel is precipitated of 2 whitiſh 
: by fixed alkalisz1:byi:the7 phlugiſti- 
Nee and by exſiccation 
- it is condenſed into a dark brown maſ d... 
1p) Arſenic diſſalved in acids, which 
prevent too great dephlogiſtication, may to 
- certain degree; be prrcipitated white by:the 
fixed alkali, even when: phlogiſticated, hut 
ther ſediment is found ſoluble in water ; yet 
nitrous . either alone or T 
n (29 | marine, 
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marine, generally ideph 8 [the arſe- 
nical acid, vrhich thereby betomes unfit: for 
ſeparation. Arſenic, diſſolved in marine acid, 
with theraddition-of -a:little arm acid. 
depoſited a white ſediment] upon the addi- 
tion of a large quantity of ꝑhlogiſticated al- 
kali, the ſediment was — — Pruſſian 
blue; this was diſſolved in Waten, an 
frłed by frequent filtration from the blue 
particles, and at length, on evaporating to 
dtyneſs, yieldedia ſemipellucid maſs. 
5% Cobalt; diſſolved in acids} is thtomn 
down by fixed alkali whether aerated or 
cauſtic; of a reddiſh blue, which coldur⸗πο 
exſicration, grows darker, eſpeciall/ when 
the former alkali has been uſeda phlogiſti- 
coated alkali throws down a of, al- 
moſt the ſame colour, Which, upon exſicea - 
tion, becomes of a reddiſh brown 
AN) Zinc is precipitated white by: aeratad 
and cauſtic fixed! alkeali, as alſo- by | the 
phlogiſticated alkali; but this laſt; onrexbe- 
cation, becomes of a citron colauna aiſmall 
portion of aerial acid may eaſily eſcape ur- 
ing the precipitation. ot hexnryd d 
0160): tAntimony . 18 precipitated white by 
alkalis, when the phlogiſticatedł alkali iis 
uſed ; at the fame: time almoſt always ſome 
blue particles are precipitated, althaughothe 
regulus had been prepared without any iron. 
Phe ſhould be — 
ducted, leſt. i be takem up bythadi- 
Kaline alt.: 20 non di 196 21013 
cINILSEN oy, Man- 
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Manganeſe, which is procured by're« 
Aion: from: common magneſia nigra, ge- 


nerally renders menſtrua brown, and with 
aerated! alkali yields a yellowiſh brown fe. 
| ho eee cauſtic, one. ſtill darker: 
with-the-phlogiſticated, a powder is ſepara- 
ted, at firſt a blue one, then a White, the 
minture of which renders the maſs a dark 
in rorather a black green. That the calx 
of the manganeſe may be obtained pure and 
white, the precipitate occaſioned by, cauſtic 
alkali: muſt be diffalved in pure vinegar; 
for there ſtill remains a quantity of undiſ- 
ſolved iron, which is taken up by the aerial 
acid. This acetous ſolution contains little 
or nothing of iron. That metal may alſo at 
firſt be ſeparated en quantity of vo- 
Iii i eee t et 
The common ſalution of the regulus ãs 
not precipitated by aerated alkah ; ; 
9 ———5i or ſpontane 
owlly evaporating to drynbſs, upon the — 
are depoſited grains of a metallic ſplendor, 
and not unlike copper. Theſe are readily, 
though but partially, diſfſolvrd in nitrous 
abid 3 but upon the addition of zinc, no 
thing but the manganeſe falls, though at 
firſt it is a little :reddiſh; 1 With phlogiſtis 
cated alkali, a yellow precipitate, like pure 
manganeſe, falls, — ſolution has 
ted the iron When too much dephlo- 
: ie rt by age; but thebnew.oſolution 
yields a precipitate almoſt like that wehich 
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| is obtained.from common regulus. ems cork 
low ſediment may be diffolved in water. 
There is always a conſiderable difficulty. 
attends the deſcribing of colours, as the ſe- 
veral varieties, which are almoſt innumer- 
able, are deſtitute of particular names. Co. 
lours are indeed ſubject to changes, but not 
the ſmalleſt ever occurs without ſome de- 
tetminate cauſe ; they ſhould therefore be 
carefully obſerved, for from thence. we ſhall- 
always learn ſomethin g, provided we. en. 
der: every thing with due attention. alis 


* 
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$ vi. Nature and Compoitiv 71 Metall | 
Precipitates. 


The metallic precipitates will reveal o 
us many e upon nee mine. 
tion. 

(A) Our firſt i inquiry ſhall be concerning 
their weight. I have as yet only examined 
thoſe precipitates which are occaſioned by 
aerated mineral alkali, cauſtic alkali, and 
phlogiſticated alkali. The reſults of many 
of thoſe experiments I have been obliged to 
reject, as being too vague and indeterminate; 
the reſt I hope are ſomewhat better founded. 
ut upon conſidering how difficult it is to de- 
purate and waſh completely the metallic ſe- 
diment, ſo that neither the alkali, the aerial 


acid, the water, nor any other extraneous 


matter ſhall adhere, I conſider them only 
as rains of the firſt-terms of infinite 
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[) Upon comparing theſe weights, a 
queſtion at firſt occurs concerning the cauſe 
of ſuch enormous differences; and it is plain 

that this cauſe muſt be ſought for in the 

precipitates themſelves. The fixed alkali, 
faturated with aerial acid, when added to 
the ſolution, is taken up by the more power- 
ful menſtruum, and. the weaker is of courſe 
expelled, and is abſorbed by the calx, as it 
falls in greater or leſſer quantity, according 
to circumſtances. That this is actually the 
caſe is eaſily demonſtrated :—let a bottle, 
containing a ſufficient quantity of nitrous 
acid, be accurately weighed ; let there be 
put into it by degrees, e. g. 132 parts of lead, 
er d by aerated alkali, and not only 
an efferveſcence will be obſerved, which con- 
tinues until the very laſt particle is diſſolved; 
but when the ſolution 1s finiſhed a deficiency 
of weight is diſcovered, which amounts 
nearly to 21, and which is indubitably 
_ owing to the extrication of aerial acid (& 111. 
). But 132 — 21 = 111, a weight which 
ſtill conſiderably exceeds that of the metal. 
Upon diſtillation nearly 8 of water are diſco- 
vered; there yet remain therefore 3, which 
by violent heat are increaſed by 7; for 132 

of the calx, well calcined, yield 110. The 

whole increment of weight then does not - 
depend upon the water and aerial acid. The 
ſame thing is evinced from the conſidera- 
tion of the precipitate of lead by the cauſtic 
alkali, as it is evident that in this caſe there 
bas ee . 
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Is no aerial acid; beſidesn ho effetyeſcence | 
accompanies the ſolution, Iffwe fuppoſe- | 
quantity f water, equal tinubetho calf; | 
cen on {our nin roi pre Be, 
is not accountetl} for, for 3 | | 
It is therefor$.,probable-ithat the matter 
heat is attached to the cal. This matter e 
heat is always preſent in cauſtic; alkalia fob 
when it is diffolytd) in the ſimp le acids heax 
is always generated: This opinion is c 
— 5 by the following eonfideratians - 
1ſt. 'The; inctement of weight cal ſcarce be . 
conceived, without ſuppoſing an inerement 
of matter. 2d. When the: cauſtic alkali is 
employed no other matter can be! fuſpeQedq 
| A. The fame cauſe is alſo preſent hen; 
| weight is inereaſed hy dry caleination. 
Ath. — heat occaſioned hy the Lasse . 
ture of determinate portions of any acith 
cauſtio alkali be marked upon a thermomer 


ter let then an equal quantity ef the fame; 
menſtruum be ſaturated with a metal 3 4, 


terwards, upon the addition of an qual 
quantity of cauſtic alkali, it will be feu. 
either that no heat is generated, or a degree ä 
very much leſs than before. Some of the mat 
ter of beat therefore is taken up and fi 
which alſo generally makes the colours 
the precipitates more obſcure; and in diſtils, | 
lation with ſal ammoniac communicates g 


the volatile alkaliĩ the quantity that had beenn 


taken away. What has been faid of lead is: 


alſo true of the: other metals, a fe- excepted}: 


Pol. II. Dd.  * © wn 
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which ſeen to take up little or no . 


acid; theſe are tin, MUDOnFs gold, and 
platina. : +) 


(ec) But ſome precipitates retain al a 
quantity of the menſtruum. Thus, corroſive 
ſublimate, precipitated by acrated alkali, re- 
tains a portion of marine acid, which cannot 


be waſhed off by water; but by cauſtic al- 
kali the precipitate may be obtained, either 


free of the acid altogether, or in a great 
meaſure. In this caſe, as in many others, 
the aerial acid ſeems to generate a triple ſalt, 

which is ſcarcely ſoluble. The preſence of 
the marine acid is eaſily diſcovered by nitrated 
ſilver, if the precipitate be previouſly diſſolv- 
ed in pure nitrous acid. Hence we obſerve 
another difference in mercury precipitated 
from marine acid, according as aerated or 
cauſtic alkali has been employed: the latter 
precipitate, well waſhed and put into vola- 
tile alkali, is ſcarcely changed in colour; but 
the former inſtantly grows white, generating 

a ſpecies of ſal alembroth, but containing ſo 


litle marine acid as not to be caſily ſoluble * 


in water. 
The calxes, — retain any of their for- 


mer menſtruum, generally give over on di- 


ſtillation a ſmall portion of a ſublimate. The 


mercurial calx, juſt mentioned, expoſed to 


a ſufficient degree of heat, is partly reduced 


to crude mercury, partly to mercurius dul- 


cis, by means of its remaining marine acid. 
This mercurius dulcis did not exiſt in the 


10 eie; > 
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_ precipitate; for in that caſe it would be 
eaſily diſcovered by acids, in which it is not 
ſoluble, and would grow black with cauſtic 
alkali, neither of which things takes place; 
it is therefore generated during the diſtilla- 
tion. . | SIA f 
() The nature of phlogiſticated alkali is 
as yet obſcure, but it poſſeſſes the fame pro- 
perties, with regard to ſalts and alkaline 
cearths, as acids when loaded with phlogiſ- 
ton do:—the fame is true with regard to 
metallic calxes, with which it forms com- 
pounds of a faline nature, though moſt of 
them are inſoluble in water. l 


S vir. Advantages reſulting from the Exa- 
mination of metallic Precipitates. 
In order to recommend the more accurate 
examination of metallic precipitates, I beg 
leave to add a few words concerning the ad- 
vantages to be derived from that labour. 
(A) It is evident that by more intimate 
acquaintance with theſe precipitates, the 
chemical theory of the operation will be 
better underſtood. _ ob 
(B) We may thereby be able to diſcover 
the more uſeful and remarkable properties. 
No one is ignorant that aurum fulminans, 
the mineral purple, and other encauſtic pig- 
ments, by which the colours of gems may 
be imitated, have been derived from this 


ſource. eee AS 
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(c) A foundation is thereby laid for the 


art of affaying by the humid way, from the 


bare knowledge of the weights. Tt may be 
objected, that the doctrine of the weights is 


very fallacious ; that they. vary in the dif- 


ferent precipitates ; that by imperfect pre- 


cipitation ſomething remains in the liquor; 


and that ſometimes extraneous matters are 


mixed with them. All this is true; but if the 


mode of operation be always the ſame, the 
reſults of the experiments will be conftant. 
Let us ſuppoſe that a quantity of metal (a), 
preci itated in a certain manner, makes a 


| weight (b); if that ſame manner be exactly 
employed, we 'may fairly conclude that a 


quantity of precipitate (n b), occurring in 
any caſe, is correſpondent to a quantity of per- 
fe& metal (n a), although in the fundamen- 
tal experiment either the precipitation is in- 
complete, or ſome extraneous matter be pre- 
ſent. If all the circumſtances which occa- 
fion increaſe or deficiency be carefully at- 
tended to, the conclufion will remain un- 
impeached: let the method therefore be ac- 
curately determined, and there will be no 


dang er of fallacy. 


10 By this the nature of abs 1s illor⸗ 
trated. Platina, nickel, cobalt, and manga- 


neſe, are ſuſpected by fore perſons to derive 
their origin from a mixture of other metals. 
But if iron neceſſarily enters into the com- 


' poſition, of platipa, when this is difſolved in 


£qua regia it ſhook: 7 Pruſſian blue 


. 2 | upon 
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1 upon the addition of phlogiſticated alkali; 
and this is the eaſe in fact when common 
platina is employed, but not when it is 
rightly depurated (w). | 

If iron, adhering very obſtinately to nick- 
el, formed a great part of it, the precipitates 
obtained from it by alkalis could not differ 
from martial precipitates ſo much as they 
do, in colour, weight, and other properties. 

The fame is true of cobalt and manganeſe, 
The regulus obtained from magneſia nigra 
contains about 0,08 of iron: let us ſee how 
this affects the mixture. | | 

100 diſſolved in an acid 8 yields | 
to phlogiſticated alkali a owder, conſiſting 
partly of blue, partly of browniſh yellow 
rticles, which is equal in weight to 1 ;01b.; 
but 8 lb. of iron yield 48 of Pruffian blue, 
nearly + of the whole maſs: hence it fol- 
lows, that. 100. parts of pure manganeſe 
* to phlogiſticated alkali ſcarcely 11 7, 
i. e. nearly fix times leſs 85 an qual 
weight of iron. 

(E) Finally, it may by this means Ser 
haps be poſſible to determine the unequal 
quantities of phlogiſton in different TT 3 
for a given weight of precipitating metal 
does not yield an Nee quantity of precipi- 
tate: thus, e. g copper is able to precipitate 


from nitrous acid four times 1 own YAY 
of filyer. 


1 (ﬆ) Tone Naim, IS (oh. 


— —.UunQ 
” — — 


— — 


j 
| 
| 
j 
! 
| 
B 
: 
ö 


— — 


— 
RY 


— —ů ——v—v—v—x —.A?.üß— — 
— — — —— — 


' 
: 
þ 
+3; 
7 
T x 
3 
1 
FR 
4 
$3 
SK » 
= 
N 
1 
193 
= 
7 5 
; [ 
\ 
| * 
p 1H 1 
1 
: 
$5 
3: 
= 
| 
= 
l : 
f : 
l 
14 
! 
. 
: 
14 
I 
159 
1 
Fil 
= 
i 
ä 
1 $ 
: 
$. 
ES) 
. 
1 
. 
1 


DISSERTATION XXIV. 


OF THE 
ART or ASSAYING 
IN THE 


Fr Circumſtances attending affaying by the 
na 4 Hay. | 


N E RE is no doubt but ores were 
dug up, and their metallic contents 
extracted, long before the invention of the 
docimaſtic art ; but the ſuperior induſtry of 
later times has diſcovered the neceſſity of 
making trials in ſmall, by which the qua- 
lity and goodneſs of the ore being previouſ- 
ly known, unneceſſary expence may often 
be timely guarded againſt ; and, as the great 
works are effected by means of fire, it was 
81-3; „„ thought 
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thought proper to employ the ſame agent in 
the leſſer experiments. The firſt attempts 
certainly were extremely rude; but repeat= 
ed and collected trials have gradually ad- 
vanced it to the form of a ſcience, or rather 
of an art, which although, no doubt, long 
concealed in the laboratory, Was not pub- 
liſhed until the middle of the 16th century. 
The firſt book upon this ſubject is generally 
attributed to Lazarus Ercker; this was 
publiſhed in 1574. But Agricola, in his 
ſeventh Book de re Metallica, publiſhed in 
1576, deſcribed both the inſtruments and 
the proceſſes, and illuſtrated them with 
plates. And from the preface to the Ars Do- 
cimaſtica of Modeſtinus Fachs, it evidently 
appears, that the manuſcript had been pre- 
ſented, in the month of March 1 567, to the 
elector of Saxony, though it was not pub- 
liſhed until after Ercker's book. In pro- 
ceſs of time this art became far more per- 
fect; but we have not leiſure to purſue it 
through its ſucceſſive ſtates of improve- 
ment. TT | 
In ths docimaſis fieea three cireumſtanees 
are neceſſarily required 1. That the metal 
contained in the ore be all reduced to a com- 
plete form; for ſuch part of it as is deficient 
in that reſpe&, cannot be united with the 
eliquated metal. 2. That the ſame be col- 
lected into one maſs; for when it is in the 
form of numerous ſmall grains, ſome of 
ene are 1 eas ſcattered, and diminiſh 
D d - thy 
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the weight. 3. That. the metallic form once 


induced be preſerved ; for the extracted re- 


gulus muſt inevitably be diminiſhed more 
or leſs by calcination. 

All theſe requiſites are frueatly effect 
6d commodiouſly and perfectly enough by 
fuſion in a crucible with proper ſtrata of 
charcoal, th REO the ore is free from ſul- 
phur, and every other volatile mixture, and 
1s either entirely without a matrix, or united 
to one which is fuſible by a moderate degree 
of heat; but if the matrix be refractory, 
notwithſtanding the moſt ſubtile pulveriza- 
tion it will cover many — particles, 
and thus prevent their reduction and fu- 
fon. In this caſe it is neceſſary to em- 
ploy ſuch additaments as not only promote 
fuſion, but occaſion ſuch a degree of tenui- 
ty as. may: ſuffer the reguline particles to fall 
to the bottom. To this they are naturally 
diſpoſed by their great ſpecific gravity ;. but, 
nevertheleſs, if the maſs be tenacious or 


thick, and eſpecially if they themſelves be 


ſmall and diſcrete, they are kept floating by 
the great friction which is to be overcome 
in their deſcent. Theſe additaments, which 
from their effect are called fluxes, are of a 
ſaline nature, and muſt therefore neceſſarily 
 corrade the metals more or leſs; and hence 
the ſcoriz, which are almoſt always —_ 

contain a quantity of calcined metal. ** 
But, /o long as we are deſtitute of 4 ure 
urid of . ww degrees * eat, 


W and 


0 
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an 2 lang as it 1s neceſſary fo perform the 
operation in cloſe veſſels, to prevent the acceſs 
of air, ſo long will the force and p 3 
continuance of the fire be, as it has bicker« 50 


to been, uncertain. Now, by every ex- 
cCeſs or defect in this point, ſomewhat of 


lighter. The caſe is quite otherwiſe with 


the regulus is loſt; ſo that any judgment 


of the was of the ore, formed from th 


weight of the regulus, muſt be fallacious 
and uncertain, or at heat. ſomewhat inac- 
curate. 

All this ſafticiently 8 that experi- 
ments made in the dry way are ſtill liable 

to many faults and imperfections; to which 
we may add ſome more; vix.— Any given 
quantity of ore, ſubjected to trial, almoſt 
always exceeds the regulus to be extracted 
from it very much in weight. Now, fince 
it is almoſt. impoſſible. to avoid a certain 
loſs during both calcination and fuſion, this 
loſs will be the more remarkable as the 
maſs. ultimately to be weighed becomes 


experiments made in the humid way; for 
—_ the weight of ſediment, from which the 
quantity of the content is judged, is never 
les, but often greater, than that obtained by 
fire. Let the loſs ſuſtained in examining 
equal quantities of ore in both ways be the 
ſame, and denoted by (n); let the quantity 
of regulus, obtained by fire, be expreſſed by - 
(a); that of the ſediment collected in'the 
men way by (m a)'; and the true value 


r 
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of the regulus will be a + n. This being 


ſuppoſed, as (m) is never leſs than das + it 


is obvious, that, except in caſe of equality, 


n: ahn: ma; and, beſides, that (n) is the 


more diminiſhed. i in reſpect to (m a). in pro- 
portion as (m) exceeds unity the more. The 


examples occurring hereafter will EG 
os: truth n more at ry i £1; 


wn I. hal | e to be made in 
conducting the- Proceſs of. Th At the 
Via Humida. 


Chemiſtry hat at length "Sw to examine 
the compoſition of ores by means of various 
menſtrua ; yet it muſt be confeſſed, that the 
fragments - of the ' humid art of aſſaying, 
which have hitherto been | publiſhed, - are 
rather to be conſidered as inſtances of a 


| mixed method, in which the mineral ana- 


lyſis is accompliſnhed partly by the dry, 


A partly. by the humid method. The metallic 


rt is indeed extracted by a menſtruum, 
ut is afterwards reduced by fire. In the 
following pages, however, I ſhall endeavour 
2 int out means by which the end may 
be anſwered in the humid way alone, with- 


out calcination or fuſion. — It is by no 


means my intention to depreciate the dry 


way. In practice, the moſt commodious 


and moſt accurate proceſſes ought always to 
prevail; but a due compariſon of theſe two 
methode can never be inſtituted, nor the 
£ IS v . 
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beſt methods of operation choſen; ſo long 


as either remains clogged with difficulties 
and impediments. In the proſecution of 


mineral analyſis, it is therefore of the high- 


eſt moment to remove theſe difficulties; for 


the docimaſia ſicca conceals and confounds 


many of the heterogeneous admixtures; 
and if, by means of the humid way, theſe 
can be all ſegregated and determined as to 
quantity and quality, not only much light 
will be thrown on mineralogy and metal- 


lurgy, but the true foundations of theſe 


ſciences laid, as any perſon who is not en- 
tirely ignorant of them may readily per- 
ceive. Very often it is uſeful to know, not 
only the heterogeneous metallic ſubſtances, 
which ſometimes, to the amount of three or 
four, are mixed with the extracted regulus, 
but frequently, alſo, the occult earthy ma- 
trix; and yet neither of theſe can be accu- 
ratel) diſcovered, except in a very few caſes, 
by the dry method, as it has hitherto been 
practiſed; for it is eyident, that in fuſtd 
maſſes the admixtures which ought to be 
removed, are the better protected by the 
genuine materials in proportion as the for- 


mer are more diminiſhed; a circumſtance 


which cannot take place in ſolutions, which 
may be diluted ad libitum. It muſt indeed 


be confeſſed, that experiments in the humid 


way often require more time, more care 


and pains; but if accurate concluſions are 


N ſupplied, we ſhould not be difficult 


; | about | 


* 
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about ſlownefs. Beſides, in many caſes chis + 
method is more expeditious than the other ; 
and that indeed almoſt always, if we are 
content with ſuch diſcoveries as can be 
made by the common calcinations and fu- 
fions ; nay, ſometimes the dry method is 
obviouſly inſufficient, when the metallic 
content is either very ſmall or volatile, but 
particularly if it be Ds, as is the 
cafe with zine. 

In the following experiments an aflay 
cwt. was always employed, unleſs Wee 
it is expreſsly mentioned otherwiſe. Con- 
eluſions ſufficiently accurate may indeed be 
often obtained from 25 1b. nay ſometimes 
from ſmaller quantities. In theſe caſes I 
have mentioned the uſual quantity, applying 
to them thoſe formulæ of calculation which 
are founded on the mutual . proportions of 
the proximate principles conſtituting me- 
tallic ſalts, and which are determined in an- 
other place (3) from the weights of me- 
tallic precipitates. By an eaſy ſubſtitution 
the fame formulz may be uſed by thoſe - 
who employ + or f cwt. 

The ores to be examined ſhould be re- 
duced to a very ſubtile powder by Prey 
zation and elutriation. 

The folutivns of ſuch ores as contain 

1 888 require: much caution : bh poftibſt, 


ul a) See the Treaiſe onthe Analyſis of Waters $ xt 
b ee 9 «+ / 
| c 


min THE HUMID WAY." i 


the vitriolic or marine acid ſhould be em- 
ployed ; for b continued heat the nitrous. 
444 deſtroys the ſulphur: by too violent an 
heat, alſo, ſome of it is diflipated in Va- 
pours, or is melted into globules containing 
heterogeneous matters; therefore, if it can 
be done, boiling ſhould be avoĩded. 
All the precipitates muſt carefully, be 
waſhed, collected, dried, and weighed, as is 
obvious. It is ſufficient here to mention 
this, to avoid the trouble of repetition. 
Diſtilled water ſhould conſtantly be uſed, 
and all the menſtrua carefully depurated. I 
call vitriolic acid diluted when its ſpecific 
gravity is below I,33 nitrous, when below 
15,2 and the marine, when below 15 
The precipitations ſhould be carefully 
made (in glaſs veſſels), ſo that neither by 
the deficieney of the precipitant ſhall any 
thing remain in the menſtruum, nor by its 
abundance any thing be re- diſſolved. The 


clear liquor is to be decanted from the ſedi- 


ment, water poured on in its place, the veſ- 
ſel ſhaken, and then ſuffered to ſtand; the 
water again decanted off, and freſh poured 
on, until it no longer can affect certain pre- 
cipitants by which it muſt be examined. 
This being done, the ſediment is to be 


collected upon a filter (firſt weighed) made of 


per not impregnated with alum, dried at 
rit with a gentle heat, but after expoſed / for 
— minutes in a cloſe glaſs veſſel to r00* of 
Heat upon cooling it is to be weighed, to- 

Ki _ gether 
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gether with the filter, the known weight * 
Which muſt afterwards be ſubducted. The 
beſt method of waſhing the ſediment is in a 
bottle; for the filter, when once filled with 
ine ſolution, is not without great diffi- 
culty freed from it, eſpecially if ere. in- 
tervenes a delay of ſome hours. 8 
When I ſpeak of an alkaline precipitant, 
the mineral alkali, charged to ſaturation with 


Ne aerial acid, is always to be underſtood. 


The alkali, which: is commonly called 


phlogiſticated, I always prepared in the ſame 


way — equal weights, of the pureſt nitre 
and cream of tartar, well pulverized and 


mixed, are heated in the uſual way and de- 


tonated. The common white flux is thus 
procured : half an ounce of this is diſſolved 
in a cucurbit, in half a quadrans of diſtilled 


water; then in a digeſting heat are gradual- 


ly added two ounces of Pruſſian blue, care- 


fully avoiding ſuch an efferveſcence of the 


liquor as may throw any thing over, which 


 eafily happens if the quantity be too large: 
the pigment ſoon. loſes its beautiful colour, 


not growing red but black, which evidently 
ſhews that a complete decompoſition. has 
not taken place. The Pruſſian blue for 
ſale, is not always found of the ſame qua- 
lity. That which was uſed in the fol- 
lowing, experiment, contained in 100 parts 


77 of clay, and only 23 of the-pigment ; ſo 


that if it be thought proper to employ the 
bing: made without any alum, 221 glains 
will 
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will ſaturate the half ounce of alkaline falt 
more completely than the two ounces above 
preſcribed, and the bulk of the reſiduum is 
thereby alſo leſſened. Whatever way the 
operation be performed, after the addition of 
the laſt portion the whole muſt be expoſed 
to a ſtronger digeſting heat, and the maſs 
often ſtirred with a wooden rod: if the li- 
quor be too much diminiſhed by evapora- 
tion the defect muſt be ſupplied by warm 
water. At length the lixivium becoming 
clear, let the refiduym be collected on a 
filtering paper, and gradually waſhed with 
warm water until all the ſoluble part is ſe- 
| parated. If the operation be rightly con- 
ducted, the clear liquor amounts to an whole 
© quadrans, of a browniſh yellow, and fo ſa- 
turated as not to make paper tinged by Bras 
_ zil wood blue; hence the colouring 'prin= 
ciple united to the alkaline ſalt ſeems to 
be of an acid nature; but the Pruffian blue, 
and other metallic precipitates of the ſame 
kind, always yield on diſtillation, beſides an 
unctuous matter, a diſtin& volatile alkali. 
I ) he lixivium ſaturated with the colouring 
matter contains alſo a ſmall portion of perfect 
Pruſſian blue, about 4 lb. to a cwt. of the 
alkaline ſalt; which are feparated on the ad- 
dition of the acid: theſe ſhould be previouſſy 
ſeparated, or, what is better, corrected, by 
ſubducting from the weight of the ſediment 
16 aſſay pounds for each quadrans of the 
Iixivium. When the queſtion is about a di- 
| ſitinct 
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ſtinct colour in the precipitate, the lixivium 
muſt neceſſarily be employed well depu- 
rated : thoſe who negle& this precaution, 
readily perſuade themſelves that any metal, 
precipitated by our lixivium, can put on 
the blue colour. But if the queſtion be 
only about the weight, let the lixivium, ſtill 
loaded with a ſmall portion of Pruſſian blue, 
be dropped; however, the proper correction 
muſt ultimately be employed; for the pre- 
cipitating acid, in a ſhort time, is wont 
alſo to weaken the properties of the lixi- 
vium, and even to deſtroy them, eſpecially 
in a warm temperature. Lime, whether 
aerated or cauſtic, is alſo capable of abſtract- 
ing a colouring ſubſtance from iron and other 
metals. We ſhall perhaps ſpeak in another 
place more at large of the qualities and 
properties of theſe combinations, here we 
only treat of their preparation and uſe, 
In the precipitating of metals by metals, 
it is to be obſerved, that the acid of the ſo- 
lution ought to be ſomewhat predominant ; 
but any more conſiderable excefs muſt be 
corrected occaſionally, either by alkali, wa- 
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I 111,  Ores of. Gold. 


| Sold occurs in the bowels of the earth 
native, poſſeſſing a compleat metallic form, 
| | although in general the ſmall particles of it 


are 
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ate ſo interſperſed in various matrices; that 
they are entirely inviſible; it is alſo found 
mineralized, that is, united with ſulphur, by 
means of iron, or ſome other metal. Theſe 
two ſpecies of ofe we ſhall conſider ſepa- 
CCC 
(A) Native gold is very ſeldom, if ever, 
entirely free Fonds heterogeneous matters ; 
the moſt uſual inquinaments are copper, fil- 
ver, and ſometimes iron. The rt of theſe 
rEmains in the menſtruum, and may be ſe, 
parately collected, if the gold be diſfolved 
in aqua regia, and precipitated by martial 
vitriol (S vIII.) ; the ſecond falls during the 
folution, yielding a ſalité Hlver, which; 
waſhed and dried, ſhews the weight of the 
. filver contained (& v.); finally, the laſt is 
diſcoyered by a phlogiſticated alkali, and is 
_ eſtimated in a manner elſewhere deſcribed 
 (F21x.)-..;The precipitate occaſioned by the 
martial vitriol is pure gold in its metallic 
form, although very ſubtilely divided; and | 
therefore the weight found requires no cor- | 
c 8 
From the preceding and following cir- 
cumſtances it appears, how a ſmall portion 
of gold, inhering in the -ores of other me- 
tals, may be extracted; beſides, a ſolution, 
containing the moſt minute particle of gold, 
inſtantly produces the purple precipitate of 
Caſſius, with a ſolution of tin properly pres - 
DIES. tc E 
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47 As to the ore which contains gold 


adhering to and ſurrounded by ſtony parti- 
cles, firſt a determined weight is to be 


reduced to an impalpable powder, by tritùre 
and elatriati on e eee 
Then let the powder, weighed a ſecond 
time, be boiled in aqua regia, ſo long as any 
thing is taken up by the menſtruum; after 
which let the exhauſted ore, well waſhed, 
be collected, exſiccated to ignition, and 


weighed. _. 


Let the clear ſolution (the colour of 


Which in ſome degree affords a method of 
Judging) be precipitated in the uſual way by 


martial vitriol ; the precipitate well wafhed, 


dried, and weighed, ſhews the gold, which, 
added to the weight of the exhauſted ore, 


ought to equal the original he 6 unleſs 
ſomewhat has been diſperſed by the pulveri- 
zation, or unleſs ſome of the matrix has en- 
tered the menſtruum: the former of theſe 
is diſcovered by comparing the weights be- 
fore and after pulverization, the latter by 


precipitants. | 
When grains of gold are mixed with looſe 


earthy particles, they are ſometimes eaſily 
ſeparated by mechanical application of wa- 
(e) Let one or more aſſay cwts. of the 
olden pyrites, reduced to powder, be gently 
Poiled in diluted nitrous acid, or rather di- 
geſted in an heat of 50*—80), leſt the ſulphur 
ſhould be deſtroyed ; a gentler heat even is 
N 5 | neceſſary 
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neceſſary for this purpoſe, that the fulphu- 
reous particles, gradually ſeparating, may 
remain in their natural ſtate; for if they a 2 
the heterogeneous particles, which ought to 
be removed, _ be included in the fuſed 
maſs.” IF 
This apitatiba muſt be ſo condued; that 
the menſtruum may be added in ſeveral por- 
tions, at each turn about fix times the weight 
of the ore ; this attacks the pyrites with an 
efferveſcence, occaſioned: by the extrication 
of a large quantity of nitrous acid. When 
this effe& ceaſes, another portion is to be 
poured on, until the ſulphur is obtained 
pure, and marked with its genuine colour. 
This proceſs generally requires to one part 
of the ore from 12 to 16 of the acid. 
Let the ſulphur, when waſhed, be col- 
lected. upon a filter, dried, and weighed: 2 
whether it be pure or not is Nn m 
mined by the cauſtic fixed al kali. 8 
If the matrix is inſoluble in ts; men- 
ſtruum, it remains at the bottom, together 
with the gold, which is diſtinguiſned by its 
peculiar ſplendor and colour, and may be 
ſeparated from the powder of the matrix by 
careful elutriation. The particles of gold 
do not aſſume the form of impalpable atoms, 
but of grains, very ſmall indeed, but ſuch 
that a diſcerning eye will readily obſerve 
their angles and inequalities ; and their ap- 
Pg. may perhaps lead to a ſuſpicion 


Ee 2 that 
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that they have been rather mixed with, than 
diſſolved by the pyrites. 

The clear ſolution is generally green; let 
this be evaporated to drynefs, then ignited 
and weighed. If there be other metals be- 
ſides iron preſent, they may be extracted by 
ſuitable menſtrua ; copper by the volatile 
alkali; manganeſe, which is generally pre- 
ſent, by dilute nitrous acid, with the ad- 
dition of a little ſugar; zinc by any men- 
ftruum, although this is ſcarcely ever found 
in gold pyrites; and filver by pure nitrous 
acid. When calcareous earth forms the 
matrix, it unites with nitrous acid, and 
yields a nitrated lime; when clay, it forms 
an alum with vitriolic acid. 

The ſum of the weights of all 4 ;ngre- 
dients ſhould be equal to the original 
weight; and, unleſs ſome loſs has been 
ſuſtained during the operation, any defi- 
_ ciency is to * attributed to the N 
en 1 

(5 I hook as yet only Fore one wi ſhorts 
of the ore of N agyay; this conſiſts of 4 
grey quartz, and a white matter not unlike 
a ſandy ſtone, which is taken up with effer- 
veſcence by acids, without imparting any 
tinge to the menſtruum. The ſolution 
forms, with aerated alkali, a white preci- 
pitate, and with phlogiſticated alkali a 


* browniſh yellow. By the dry method the 


ſame matrix ſoon grows black in the fire, 
| Gs 1 2 . and, 
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ads according to circumſtances; tinges mi» 
crocoſmic falt either with a purple colour, 
or does not tinge it at all; it is there- 
fore (5) an aerated manganeſe. This matrix 
contains diſperſed in it lamellæ of the co- 
tour of lead, or a little darker, which yields 

to the knife: theſe, with warm aqua regia, . 

grow quickly white, and are totally diſ- 


ſolved with efferveſcence, tinging the men- 


ſtruum yellow; on cooling, the ſolution 
depoſits acicular cryſtals. If we were pro- 
vided with a ſufficient quantity of the ore, 
J have no doubt but its conſtituent princi- 
ples might be ſeparated in the an way 
by prope r FO 


& Iv. Ore: es . Plating, 


So far as we 3 the metal called pla- 
tina is not found any where but in Ame- 
rica, and is always native. The only metal 


with which this is conſtantly Ä is 


iron, the greateſt part of which may be ſe⸗ 


parated by repeatedly hoiling the grains of 
platina, reduced to as fine a powder as poſ- 
ſible, in marine acid; in this way the ori- 
ginal weight is generally. dimigiſhed about 
„eig ien | 
The platina, being thus depuratedy. 2 
diſſolved in aqua regia, eaſily diſcovers itſelf 


7 Treatiſe on the White Ores of Iron, $ vil, : | 
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by means of martial vitriol, if any gold be 
preſent: on the other hand, if platina con- 
tains a ſmall portion of gold, this may, for 
the moſt part, be precipitated by any neu- 
tral ſalt, mn e or wen 
' alkali. 


$ V. Oret of Siver. 


Silver, beſides its complete form, puts 
on in the bowels of the earth a variety of 
forms, partly united with ſulphur, either 
alone or with other metals, ne minera- 
lized by acids. 5 

() Native filver is generally allayed with 
gold or copper, or both ; the filver and 
copper are eaſily taken up by nitrous acid; 
and if any gold be preſent, it appears at the 
bottom like a black powder, which by ſo- 
lution in aqua regia, and precipitation by 
martial vitriol, may be made at pleaſure to 
aſſume a more metallic appearance. 

This ſeparation being effected, the cop- 

remaining in the liquor may eaſily be 
collected by means of 1 iron, or acrat 4 al- 
kali; { 

There has n been diſcovered a new 
variety of filver 'ore, which is extremely 
rich ; this is found in two different places, 
namely, at Andreaſberg ! in Hercynia, and at 
Wittichen in Fuſtenberg; a ſpecimen of 
each is to be ſeen in the Academy's collec- 
tion. That of F 04 to has the 9 

"** 00 
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of irregular grains conglomerated, which 
poſſeſs a metallic ſplendor, are a little yel- 
low, and, together with native'ſilver, are 
contained in the common white ſpathum 
ponderoſum. The grains, when examined, 
are found to contain ſilver allayed with a 
ſmall portion of regulus of antimony. Theſe 
metals may be ſeparated by concentrated 
nitrous acid; for the firſt is thereby diſſolv- 
ed, and the latter corroded into a white 85 
calx. Aqua r gia takes up the antimony, a 
ſalited ſilver remaining at the bottom. The 
articles of this ore are ſomewhat malleable, 
and ſhould be reduced as fine as poſſible 
before they are put into the menſtruum. 
The ore of Hercynia is called butyraceous; 
that which I have ſeen, exhibited, in a cal- 
careous matrix, very thin leaves of metal, 
the ſcarcity as well as tenuity of which, in 
the above-mentioned ſpecimen, prevented. 
me from making proper experiments ;. ſo 
that I dare not abſolutely affirm” that this 
agrees with the former in its properties, 
although it appears very probableQ. 
(33) Silver united with ſulphur alone is 
black, and is commonly called the glaſſy ore 
of ales Let this, divided and commi- 
nuted as much as poſſible, be gently boiled 
for an hour in 25 cwt. of diluted nitrous 
acid; the liquor being decanted, let the 
operation then be repeated with an equal 
quantity of the menſtruum; and unleſs the 
pure ſulphur be now ſeparated, the men- 
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ſtruum is to be employed anew : the laſt 
particles of the ſilver adhere obſtinately to 
the ſulphur : if any gold be preſent, it er 
mains undiſſolved at the bottom. 3 

The decanted liquors being collected, are 
to be depriyed of the filver by the addition 
of common ſalt; let this, when collected, 
waſhed, and dried, be a, and the filver 
required will '= 222.227 


Let the ſulphur be Shea reptititely; 
and its weight, added to the above, ſhould 
amount to lb, too, if the operation has 
been.rightly performed, and no decompoſi- 
tion of the ſulphur has taken place. 

The clear liquor which paſſes in filtering 
the luna cornea, upon the addition of a phlo- 
giſticated alkali quickly diſcovers the fo- 
reign metal accidentally inhering in it: and 
after this precipitation the earthy contents 
are Exhibited by a fixed alkali. The reliquiæ 
of the inſoluble matrix are with difficulty 
ſeparated from the ſulphureous particles: 

Jet the ſum of the weights be firſt enquired, 
then let cauſtic alkaline lixivium be poured 
on, and the ſulphur diſſolved in a gentle di- 
geſtin g heat; the matrix then remains alone, 
and its weight determines that of the ſul- 
phur. The digeſtion muſt not'be continu- 
ed longer than is neceſſary, for the filiceous 
earth is alſo capable of entering the lixivi- 
um. However, this inconvenience is not 
very 1 much kk be — 1 wi for to this 
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effect: the mechanical diviſion muſt be far | 


more. completely performed. 


(o) Silver, united to ſulpkur and * 


Jointly, is generally diſtinguiſhed by its red 
colour, ſometimes beautifully pellucid, re- 


ſembling a ruby; but it is ſometimes grey, | 


metallic, and opake. All theſe varieties, 


however yield a red powder, and hence it is 


called the red ore of ſilver. 


Let this, reduced to a very ſubtile bx" 
der, be twice gently boiled in diluted ni- 


trous acid as above: a part of the menſtruum 


being decanted off, let the white powder 
which remains at the bottom be well waſn⸗ 
ed with diſtilled water: let the ſilver be 


precipitated from the clear liquors, collect- 3 


_ . ed by means of ſea-ſalt; and finally, let the 
ſalited ſediment, properly treated, be weigh- 5 


ed as before. | 
Let the white powder above mentioned 
be quickly boiled in a ſufficient quantity of 


aqua regia, until the arſenic be diſſolved, and 


the ſulphur appears pure. The yellow ſo- 


lution, cautiouſly decanted, lets fall a very 


White powder, upon the addition of a ſuit- 


able portion of water; and the ſmall quan- 


tity which is taken up by the water 1s cal | 


lected by evaporating to dryneſs, 
The ſulphur now ſeparated, though | it 
appears pure, yet ſtill contains à little {1- 


ver, which could not eafily be ſeparated 
before by the nitrous acid, on account of nne 
We; but when the arſenic is taken avay 
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by the aqua regia,” the remaining parts of 
the filver are taken up by the marine acid, 
entangled in ſulphureous particles. In or- 
der therefore to free the ſulphur from this 
falited ſi er, let cauſtic volatile alkali, di- 
luted with water, be poured on, and kept in 

a well-cloſed veſſel for ſome days —a weight 
of the alkaline liquor equal to that of the 
ſulphur is ſufficient. The ſulphur being 
weighed before and after the operation, in- 
dicates the weight both of itſelf and of the 
Ali tec Ger e 
If any iron be preſent, which I have 
ſeldom experienced, it may be diſcovered 
in the liquors firſt precipitated with the ſalt 
or water, by means of phlogiſticated alkali. 
(D) Silver united with ſulphur, arſenic, 
and copper, is generally called the white ore 
of ſilver, and is examined in the following 
manner: —let x cwt. of the ore, reduced to 
powder, be gently boiled for an hour in a 
ittle more than twelve times its weight of 
diluted nitrous acid. The dry powder grows 
black and foul; and; when added to the 
acid, ſends forth an hepatic ſmell, a portion 
of it is diſſolved, and at length a white re- 
fiduum remains at the bottom: upon ſub- 
ſicing, if the liquor cannot be decanted clear, 
let it be filtered. This liquor contains the 
filver and the copper; the former of theſe 
eainot be precipitated alone by muria, be- 
caiſe the marine acid attracts the copper 
more ſtrongly. A white precipitate, com- 
4 poſed 
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poſed of ſmall - -aciculz, is indeed thrown. 
down; but upon expoſure for ſome days to 


the rays. of the ſun, does not grow black in 


the ſmalleſt degree; and it conſiſts of a pe- 


culiar combination of marine acid, ſilver, 
and copper. The filver. therefore in this 


caſe is to be precipitated by a determined 


weight of copper; and afterwards the copper 


to be ſeparated by iton or aerated alkali 
(S vIII. ); but the ultimate weight is to be 


diminiſhed by that of ſuch part of the pre- 
Cipitant as has entered the menſtruum. 


Let the white reſiduum be boiled in ma- 
rine acid, and precipitated by water; thus 
we obtain the arſenic with a ſmall portion - 
of marine. acid, which yet-it retains RO 


nately, as 1s elſewhere obſerved. _ 
The arſenic being ſeparated, the ſul; 


remains alone, and muſt be proved by 2 
tile alkali, to try whether it ſtill contains 


any copper or ſalited ſilver. 


(E) Silver mineralized by Glphurs, Fre: 


times alſo contains antimony: this ore often 
forms capillary threads of an hoary brown 


colour: let this be gently boiled, or rather 
digeſted, for an hour, in ſix times its-weight. . 


of diluted nitrous acid, until the ſilver is 
diſſolved, and all the antimony reduced to a 
White calx, which, after decanting the li- 


quor, may be ſeparated from the ſulphur | 
by marine acid, and precipitated by water. 


The —_— of . is to > be OO 
0 by 
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by muria, and 1 cwt. ſeldom contains more 
than four ounces. 

() Beſides ſulphur and antimony, there is 
ſometimes alſo preſent copper and iron; but 
the experiment in this caſe may be conduct- 
ed in the ſame way, only with a double pro- 
portion of acid. Theſe metals all remain in 
the liquor, but are eaſily ſeparated by preci- | 
Pitating the filver, by means of copper; 
and the iron by zinc, or an alkaline ſalt. 

(6) We ſometimes meet with filver mi- 
neralized by ſulphur at the ſame time con- 
taining iron: but in the ore which the Ger- 
mans call weiſertz ſilver is frequently ab- 
ſent, ſo that the ſilver which is ſometimes 
diſcovered in it ſeems to be native. 

(H) Silver, mineralized by the marine and 
vitriolic acids, is In known by the 
name of corneous ore of filver : the colour 
of this is white, green, yellow, violet, or 
black. Two remarkable varieties of it oc+ 
cur, the one may be cut, and is ſomewhat 
malleable ; the other brittle, which, beſides 
the acid, alſo contains ſulphur.” | 

Let 100, of the former, comminuted as 
much as poſſible, be plunged into marine 
acid, and kept for one day in a digeſting 
Dent, ſhaking the mixture from time to 
time: let the liquor be afterwards decanted 
clear, and the reſiduum, previouſly well 
waſhed with water, be added to the liquor: 

1 let n terra A he gradually 


. 
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dropped in, until it ceaſes to occaſion an 


precipitation. Suppoſe the weight of the 


precipitate, waſhed and dried, a; now 


vitriolated terra ponderoſa, whoſe. weight is 


a, contains of acid o, 15 a, which corre- 


ſponds with vitriolated -filver :0;48/ a for 


from 100 of vitriol of filyer 68,75 of metak 


is obtained by reduction. All the vfilver iis 


not precipitated from nitrous. acid by the 


vitriolated mineral alkali: the ſalited ſilver 
therefore, will be 100 — 0, 48 a. In the 


\ 


former ſalt the filver contained is expreſſed 


by o, 33 a; in the latter by 75,19 0,36 a, 


and therefore the ſum required for the 100 


will be [75,19 — o, og a. Theſe and the 
following formulæ depend upon the mutual 


proportion of the principles, and the weights | 


of the precipitates, which are experitmental= 
ly determined in the Tract on metallic Pre- 

cipitates (& VI. a). „ bas tegie 
The brittle horny ore alſo contains ſul- 
phur, but the ſaline part may be extract 


ed by volatile alkali, and the quantity of 


filver afterwards determined by the meth 


above mentioned (c)). 5 ien 


able loſs of the metal, be reduced in the following man- 
ner: let the maſs be mixed with an equal bulk of alkaline 
ſalt in a glaſs mortar, and by means of a few drops of 
water be formed into a globule ; let this globule be put 
into a crucible, the bottom of which has previouſly been 
{trewed with fal ſodæ, compreſſed, and well covered with 
the ſame alkali; an heat ſufficient for fuſion being then 


> (e) Artificial ſalited filver may, without any conſider- 


ſalited ſilver has been accurately collectee. 


applied, the whole of the metal will be recovered if the 


§ vi. Ores 
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'$ VI. Oreo of Mercury. 


is afforded by nature, Abe n na- 
tire or mineralized by ſulphur or acids. 
(4): When native it is eaſily diſtinguiſh- 
| ble by its fluidity, and is ſeldom mixed 
with any other metals but gold, ſilver, or 
biſmuth, which frequently exiſt native; and 
are very caſily ſoluble by this liquid metal; 
if anglof: theſe be preſent, the firſt remains 
at the bottom, when the mercury is diſſolved 
in nitrous acid; the third is indeed taken 
up by the Mining but precipitated by 
hos th and the ſecond is diſcovered by ſea- 
falt; whichalſo precipitates at the ſame time a 
ſalited mercury, which is s eaſily G by 
its greater ſolubility. 
(3) In cinnabar 8 union between che 
ſulphur and the metal ſeems to be more 
complete than in other mineralizations, as 
it cannot be decompoſed either by vitriolic, 
nitrous,” or marine acid. I have even at- 
| _ "tempted to diſunite them by a ſolution of 
| - cauſtic fixed alkali in water, and by boiling 
{WA for many hours, but in vain. However, 
there are two ways of effecting a perfect de- 
compoſition; one by gently boiling for an 
hour the cinnabar with eight times its 
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'N Weight of an aqua regia, one fourth of which 
11 ; vs of marine acid ; the other by boil- 


it in marine acid, with the addition of 
vs the cinnabar' s weight of black calx of 
— 
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manganeſe, In both caſes the menſtruum is 
the ſame, namely, a dephlogiſticated marine 


acid; but in the firſt caſe the acid is dephlo- 


gilticated by the nitrous acid, in the latter 
y the calx of manganeſe; the former is 

8 the beſt, as no betarugenecuf wagte 

ter is ſuperaddet. A 0 lb 

By whatever method the metallic part of 3 
the cinnabar is diſſol ved, the ſeparated ſul phur 
may be collected by a filter, and the mercu- 
ry precipitated by zinc: copper precipitates 
4 3 mercury in a more imperfect manner. 
If the cinnabatine ore under examination 
be very much entangled in the matrix, it 
muſt be freed from it as much as mechani- 
cally can be done by lotion; then the ſo- 
luble parts of the matrix taken away, by 
nitrous, marine, or vitriolie acid, occaſional- 
ly; and Seen. the metal Auols ſeparated, by 8 
aqua regia. 

(c) Meroury has allo Tas Ja. diſco- 
vered mineralized (4) by the vitriolic and 
marine acids. The former may be ſepa- 
rated by the help of marine acid, by tritu- 
ration or digeſtion, and the metal precipi- 
tated by nitrated terra ponderoſa; but the 
weight of the new earthy falt a, bein 
given, we can eaſily learn the quantity of 
metal (as before obſerved 8 v.): yet as ni- 
trated mercury is not. totally precipitated by 


1 # 


(a) Mr. Woulfe 'v was the firſt who diſcovered that | 
theſe two acids act as mineralizing ſubſtances with e- 
ſpedt to mercury. 
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depend upon the weight of the precipitate: 


By another proceſs, therefore, we obtained 


from 100 of vitriol of mercury 33,8 99 of 


pure metal, and from an equal weight of 
corroſive ſublimate 75, 5; from whence the 
data of a calculation are eaſily deduced : 
for, let the quantity of vitriolic acid o, 15 a; 

the vitriol of mercury containing this = = 
0,44 a; and the falited mercury = 100 — 


0, 44 a. In the former ſalt the mercury con- 


ſtitutes 0,29 a, and in the latter 72,5 — 32 
a; ſo that the whole metallic content in 100 


== 2,5 IE a. But as the ſcarcity of this 


ore has not permitted us to examine'it: ſuf 
ficiently; we are ſtill ignorant whether the 
ſalited part is to be compared with corro- 
five ſublimate or mercurius dulcis; if the 


latter, the calculation comes out different; 3 


for in the latter of theſe two ſalts the metal 


forms above o, 91, and the whole content is 


exhibited by the following formula; 91,19 
45 2 — RIES 91, 18 — 0, 1142. 


5 vi. Ores ec of Lead. 


Whether nature ever TEES. ſous na- 
tive is ſtill in diſpute. The moſt common 
ore contains it mineralized by ſulphur, gene- 
rally mixed with ſilver, ſometimes alſo with 
iron and antimony together. That which 


is commonly called calciform lead, contains 


the 


— 


o 
2 
4 Py 
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the metal united with the aerial acid, or the 
acid of phoſphorus. 5 


(A) Lead, if ever found native; may 5 35 


eaſily examined as to purity, by means of ni- 
trous acid, which diſcovers copper both by 
its blue colour and its precipitation by iron ; 
and filver is enen by the addition of 
copper. 128 

(3) When united with falphir, and "Re? 45 
from any matrix, let it be reduced to a fine 
powder; let this be boiled in nitrous or ma- 
rine acid until the ſulphur is obtained pure, 


collected on a filter, waſhed, and dried. Its 


purity is aſcertained by cauſtic fixed alkali.” 
Let the ſolution be precipitated by aerated 
mineral alkali, when the lead is either alone 
or mixed with filver; in the former caſe, ſup- 
poſing the weight of the precipitate a, the 


100 


weight of the reguline lead will be =; if 7 


132 ? 


the latter, let the filver be extracted by vo- 


latile alkali, and the reſiduum multiplied 5 


into the conſtant coefficient 2 = = will expreſs 


the lead. The aerated filver is known by the 
diminution of weight; if this be = b, then 


100 hb 


the ſilver in a metallic form = 1 
The ſolution made in marine acid duting ; 
the operation depoſits a large quantity of 
falited lead, which muſt be diſſolved in wa- 
ter before the precipitation. 
If antimony be preſent, this is fo ugh | 
dephlogiſticated by concentrated nitrous 
acid, that it is calcined 75 falls to the bot- 
Vor. II. T tom: 
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tom : the given weight of this, multiplied 
by the conſtant coefficient , indicates the 
regulus in the muriatic e this ſpon- 
tancoufly falls, upon dropping in water, 
which takes up the ſalited lead. | 
Iron, . yet is but ſeldom found in ga- 


lena, may thus be diſcovered :—let the mu- 


riatic ſolution be firſt ſo far ſaturated with 
fixed alkali that the acid may predominate 
only a little, and yet all precipitation be ſo- 
licitouſly avoided. This being done, the 
lead will be precipitated, by a poliſhed plate 
of iron, added during boiling ; as alſo will 
the ſilver, which is almoſt always preſent : 
finally, let the iron be precipitated by aerated 

or phlogiſticated alkali (S 1x.);. and its 
mk corrected by the part of the metallic 


plate which is diſſolved a the preci- 


itation. 

If the ore contains any matrix, this is 
either ſoluble, and may at firſt be ſeparated 
by vinegar, or elſe is inſoluble in the com- 
mon acids, and is found collected at the 
bottom. | 
(c) Lead, mineralized by aerial acid, and 


deprived of all heterogeneous ſoluble mix | 
ture, may be diſſolved in nitrous acid, and 


cs by aerated mineral alkali; which 
ing- done, the quantity of lead is known 
by the weight of the ny as be- 
fore (B). 

But if the matrix containing it. 5 ſo- 
Jable, let the marine acid be employed, 
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and the metal precipitated by 4 iron, as above 


deſcribed, 
(p) Lead, mineralized by acid oft hoſ- 


IN phorus, is eaſily diſtinguiſhed. 100: of this, 


in powder, is diſſolved in nitrous acid by 7 


means of heat, except a few martial parti- 
cles, which generally remain at the bottom. 
The diſſolved lead, upon the addition of 

vitriolic acid, immediately forms a f | 
white vitriol, which waſhed, called 
dried, may be ſuppoſed to weigh a, in 
which caſe the correſponding lead is 


775+ The liquor remaining after the preci- 
pitation yields, by evaporation to dryneſs, 
a phoſphoric acid. _ 

The colour, both of this and the former 
ore, is owing to iron; generally they ate 
green, ſometimes yellow. but rarely red; 
they occur white, and ſometimes pellucid; 
and all affect a cryſtalline, N a priſ= 
matic form. | 


8 vIII. Ores of Copper. J 


San beſides its metallic form, aſſumes 
a variety of ſhapes: it is generally united 
with ſulphur, and very ſeldom without 
iron; but it alſo ſometimes occurs mine- 
relived by aerial, vitriolic, and even by ma- 
rin a . 
(A) Native copper readily en in 
nitrous acid; if gold be preſent, it Fl, 
th to the bottom, in form of 


FI; | black 0 ; 
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black powder; if filver, it is ſoon preci- 


pitated by copper; if iron, by boiling the 
ſolution for ſome time, and inſpiſſating to 


dryneſs, it is gradually calcined, and 


rates. 

(3) When mineralized by ſulphur, let it 
be powdered- and gently boiled to dryneſs 
in five times its weight of concentrated 
vitriolic acid; let the refiduum be well 
waſhed with water, until all the metallic 

rt has entered the menſtruum. | 

The ſolution requires at leaſt a portion 
ual' to four times the vitriol 
which is to be diſſolved, and therefore the 
quantity ſhould be adapted in ſome degree 
to the goodneſs of the ore: that which 
contains 0,05 of copper requires about 0,8, 
of water, and ſo on. Let a poliſhed iron. 


plate, about twice the weight of the cop- 


er, be immerſed in the ſolution properly 
diluted; let boiling be continued until no 


further precipitate is occaſioned. If the 


quantity of water be too ſmall, the precipi- 
tated metal adheres very pertinaciouſly to 


9 the iron plate, which, by a proper quantity, 


is always completely freed. Let the preci- 


tated copper, well waſhed, be ſpeedily dri- 


ed; but yet with ſuch a degree of heat as to 
make the ſurface of the metal of different 
colours, which inſtantly and _Enfibly in- 
creaſes the weight. 


If the precipitated copper be found mix- 


ed with iron, which is ſometimes the caſe, 
. ein 


/ 


* 
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eſpecially in the examination of a poor ore, 
this muſt be again diſſolved, to obtain a 
richer ſolution ; which depoſits pure cop- 
per, if the operation be conducted as above 

deſcribed. . The ſame circumſtance takes 
place in the precipitation of filver by cop- 
per; a rich ſolution yields the metal 


pure, but a poor one yields it allayed with 


copper. | ng 
If the copper to be precipitated contains 
other'metals, theſe may eafily be ſeparated 
by ſolution in the nitrous acid. Gold re- 
mains at the bottom, undiſſolved, in the 
form df a black powder; and filver preci- 
pitates upon a copper plate. 5 
During this proceſs, the whole, or a great 
part of the ſulphur, flies off by the intenſe 
be neceſſary for evaporating the vitriolic 
acid to dryneſs; yet its quantity may in 
ſome degree be judged from the ſum of the 
weights of the other ingredients, compared 
with the weight of the whole; beſides, if 
thought neceſſary, a ſolution in aqua regia 
may be made for the purpoſe of collecting 
the ſulphur. 10204" e 2 
(c) Copper, mineralized, by aerial acid, 
is of an elegant green colour, and is com- 
monly called malachites; to this alſo be- 
longs the green ſilken ore of copper, which 
is of the ſame nature. Theſe ores, when 
pure, are totally ſoluble in acids, and may 
be precipitated either by iron or aerated al- - 
kali. In the latter caſe, ſuppoſing the weight 
. F „ 
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of the precipitate. to be = a, the a eallie 
copper contained will be Ar (i). 


If calcareous earth "Ii "thixed. which 


ſometimes happens, this may be thrown 
down by aerated alkali, after the precipita- 


tion of the metal by phlogiſticated alkali. 
Calciform blue copper- confiſts alſo of 

copper mineralized by aerial acid. Its prin» 

ciples are diſcovered in the ſame way. 
Calciform red copper, or of a brownith red, 


is called by Mr. Cronſtedt- the glafly ore 


of copper. This alſo is totally, or for the 
moſt part, diſſolved, and that with an effer- 
veſcence, though ſomewhat weaker than the 
other; ſo that it is doubtful whether any 
calciform ore of copper is entirely deſtitute 
of aerial acid. I have not ſeen the red pel- 
lucid ore lately diſcovered and deſcribe | by 
Mr. Sage, 

5 hare examined in many different ways 
the red quartz, which is ſuppoſed by Mr. 
Cronftedt () to contain ſuch a calx. The | 


() The illuſtrious Fontana was the firſt who Medi 
mined the true nature of the malachites. He found that it 
contains 3 of calcined copper, & of aerial acid, and about 
Ag of water. The fame prineiples he diſcovered in the 
green ſilken ore, their proportions. only being ſomewhat - 


varied. This obtains alſo with reſpect to the blue ore; 


but in this the aerial acid forms a larger part of the 
whole, amounting nearly to + or Z ; on the other hand, 


in the ſpecimens which have me the Faber 


tion of the water is diminiſhed by 52 to 4 
(#1 . F 196. b. 2. 


e volatile 


IN THE HUMID. war. 439 


volatile alkali did not extract any copper, 


nor did the vitriohe acid, though abſtracted : 


to dryneſs. As the ſiliceous matrixes hard- 


ly admit the menſtrua, I added a portion 3 
the mineral fluor to the vitriolic acid; for 


the fluor acid, when expelled, attacks the 


quartoſe particles, ſo as to ſet at liberty 


even the laſt portions of copper; but al- 


though this experiment always ſucceeds 


when copper is preſent, yet in the inſtance 


of this ore not the ſmalleſt ſign of that me- 


tal could be diſcovered; and therefore it. is 
not without reaſon that we doubt of its pre- 


ſence. 


is no other than the common blue vitriol, 

which ſometimes occurs native. The cop- 
per it contains is eaſily precipitated by iron 
in the manner above deſcribed. 


(2) In the collection of the Academy of | 
Upſal there occurs a ſpecimen of a dilute 


greeniſh red, friable, and of ſmall ſpecific 
gravity, which diſſolves with efferveſcence 
in nitrous acid, imparting a green colour to 
the menſtruum. Upon the addition of iron 
the copper 1s precipitated ; and upon drop- 
ping in a ſolution of ſilver, a white coa- 


gulum is ſeparated, being a genuine ſa- 


lited ſilver; ſo that no doubt can be enter, 

tained of the preſence , of marine acid, an 
opinion which is alſo eſtabliſhed by the 
via ſicca in many ways, which I here paſs 
over. | | 


(D) Copper, mineralized by vitriolic acid, | 
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or THE ART OF ASSAYING 
Me find veſtiges of the ſame acid in the 


1 green ore of Saxony, which is cu- 
bic or ſquamous, and has been referred to 
the ſpecies of mica or talc. I have lately, by 


favour of Mr. Werner, had an opportunity of 


dropping in a ſolution of filver, a 
cornea falls, but in ſmall quantity; there 


the copper is "diſcovered by many se 9 
tants, as by iron, by volatile and phlogi 


not weigh one grain ; 


examining a ſpecimen interſperſed as it were 


with this ſubſtance. It diſſolves totally in 
nitrous acid, and acquires a green colour: 


1— 
cated alkali ; but the marine acid is diſ- 
covered with far more difficulty; yet upon 
true luna 


appears a portion of green ſcales, which did 
the ſmallneſs' of the 
quantity prevented me from making any 
further experiment; but thoſe already made 


put it beyond doubt that this deſerves a 


place among the ores of copper; it con- 


- tains alſo a little clay, but the quantity re- 


mains to be determined ws experiment- on 
5 0 quantities. | | 


$ IX. 


Traces of this Des common 1 als me- 


on fb Iron. 


fl are found almoſt every where in the 


mineral kingdom; yet the ores which con- 


tain it in conſiderable quantity preſent it 


either mineralized by ſulphur, or more or 
leſs calcined: it is oy found united with 


73 | vitriolic 
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vitriolic! acid; and very Seldom. in a com- 
lete metallic form. 

(A) Mineralogiſts are not yet agreed whe- 
ther iron be found native. Concerning that 
of Siberia, a diſpute. is ſtill carrying on; 
and indeed; it cannot be denied, but. that 
the cavities in the iron - maſs ſhew. it to 
have been fuſed, and as it were inflated by ; 
ſpumeſcence ; yet many circumſtances ſeem 
to indicate, that if this operation ever took 
place, it was performed without the aſſiſtance 
of art. The ſtoney matter which fills all 
the cavities is of a very different, nature 

from the ſcoriz produced in our furnaces. 
To paſs over its ſituation, and other cir- 
gumſtances, the iron itſelf, when cold, or 
moderately warm, is found to be very tena- 
cious and malleable ; but when made red 
hot becomes brittle, but exhibits altogether 
the ſame phænomena, when examined by 
the via ſicca, as forged iron; with marine 
acid it diffuſes an hepatic odour. which. evi- 
dently ſhews the preſence of ſulphur, phlo- 
iſton, and the matter of heat,'as without 
theſe no ſuch ſmell ever ariſes. It is pro- 
bable that the matter of heat is taken — 
the fire by the metals in fuſion; yet we 
cannot therefore certainly conclude, that 
every thing which contains the matter of 
heat has been expoſed to fire: and ſup- 
poſing that the Siberian iron has undegone 
fuſion, it cannot from thence be inferred, 


FR this has been occaſioned by art. But 


this 
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this very rare mineral deſerves: to be ſeas 
. and particularly examined. 

Ofes of iron are frequently found in 
Sweden ſo perfect as to be obedient to the 


magnet, nay, ſometimes are themſelves 


magnetic; but theſe, both with reſpect to 
menſtrua and other properties, differ from 
iron eliquated by fire. Such iron as may 
properly be called native may yet be brit- 
tle; for that which is extracted artificial] 
and is malleable, eaſily contracts brittlenefs, 
but muſt with menſtrua preſerve the ſame 
habits as the forged. 

(3) The attractive and + magnetic ores, 

thovgh they do not contain much ſulphur, . 
yet are ſeldom entirely without it ; but none 
of it could be extracted by menſtrua. 
- "Such as are faturated with ſulphur, are 
called ſulphureous pyrites, as nothing but 
fulphur is extracted from theſe; for al- 
though they ſometimes contain enough of 
the metal to pay the expence of eliquation, 
yet the metal extracted by its brittleneſs is 
rendered intractable in the fire; and, ex- 
poſed to the open air, eaſily falls into a ruſt; 

(o) Iron, mineralized by vitriolie acid, 
is produced daily by the ſpontaneous de- 


compoſition of pyrites, which is again gra- 


dually ſo dephlogiſticated as at length to 
loſe all connection with the acid. Theſe 
vitriolic reliquiæ, waſhed away and depoſited 
in lower  fituations, perhaps egy” the 
ores of wy and marſhes. - 


. (b) The 
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(o) The hæmatites yield a calx of iron 
under various forms, of an iron colour, a 
red, a black, or a yellow. Other ores alſo 
contain it, but of a lax and powdery texture, 
generally mixed with other-earths. - 

Whether any of theſe ores contain iron 
naturally mineralized by aerial acid in the 
boſom. of the earth, is yet unknown. Arti- 
ficially, this ſubtile acid is greedily taken 
up; but all the natural calxes of iton 
hitherto examined ſhew no ſiguns of it, ex- 
cept the white ores: of iron; but as theſe 
contain aerated manganeſe and. calcareous 
_ earth, it is doubtful whether the martial 

particles contribute to furniſh any of the 
aerial acid extricable from theſe ore. 

(z) All the ores of iron, reduced to a 
very ſubtile powder, and repeatedly boiled 
in marine acid, yield up the metal. If the 
pyrites are more flowly diſſolved, the addi- 
tion of a ſmall quantity of nitrous. acid ac- 
celerates the operation. | 
The iron being extracted, the nbc) if 
inſoluble, remains. Now; in order to ob- 
tain the metal alone, let it be all ſeparated 
by phlogiſticated alkali. Suppoſe the pre- 75 
cipitate, when waſhed and dried, = a, then 
the orvelponany quantity of metallic iron 


will be =; but this formula muſt be cor- 

rected according to the quantity of the pres 

cipitant, as before obſerved (& II.). 
A which is of itſelf ſoluble by _— 
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of vitriolic acid, requires nothing but water 


. : to 1 by phlogiſticated alkali. 


anganeſe is frequently united with iron, 


and is diſcovered without difficulty by im- 


merſing the blue ſediment (carefully weigh- 


ed) in water ſharpened by nitrous acid, by 


which the part ariſing from the manganeſe 


is diſſolved, as we ſhall ſee hereafter ($ xv11.). 
Other methods of effecting this are deſcribed 
— OE THT 1 

- | Befides this metal, there are others which 
enter the ores of iron in ſtill larger quan- 


tities, which for the moſt part render the 
ores uſeleſs, by imparting noxious qualities 


to the eliquated iron.— We ſhall ſpeak of 
Zinc, &c. and of the manner in which they 
are to be ſeparated, in their proper places. 


— 


* 3 'S 10 5 * 6 . | 
Many teſtimonies concur in aſſerting that 


tin is found native in England; but I have 


never met with any ſpecimen of it. 8 


« 


But the ores of tin almoſt always pre- 


ſerve the ſame cryſtalline nature, although 


the grains are often found ſo ſubtilely diſ- 
perſed in different matrixes as entirely to 
_.  _ elude the ſight. I have lately obtained a 


peculiar variety found in England, which, 


)) Eſay on the White Ores of Iron, $ vii. 


1 _ © conſiſting 


a 


— 
* 
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conſiſling of contiguous ſphærical ſtrata, and 
radii proceeding from a center, very much 


reſembles the brown hæmatites. In all theſe 
tin is preſent, fimply calciform, and *1n- 


volved 1 in ſiliceous particles; and, fo far as 
is yet known, never mineralized, either by 
marine or aerial acid, or by ſulphur. The 
abſence of the latter is the more extraor- 


dinary, as this mineralizing ſubſtance is pro- 
duced by nature in great quantities, and is 
artificially united to tin with great eaſe. 
(a) The examination of tin by the hu- 
mid method is attended with no difficulty; 

for the addition of nitrous acid quickly de- 
Prives it ſo far of its phlogiſton, as to re- 


duce it all to a white calx; the iron and 
copper, if any be preſent, remaining in the 


liquor. 100 parts of tin, corroded by ni- 
trous acid, waſhed and dried, yield 140 of 


white calx : : arſenic may be ſeparated by 
waſhing the calx with large quantities of 
warm water; for but little enters the acid 


menſtruum. The other metals are but rare- 


ly united with truly native tin. 
(3) The pure ore is commonly called, 


according to the magnitude of its cryſtals, . 


EZinngrauſſen, or x witter. The examination 
of theſe forms is the great difficulty of the 
humid method, as they are not acted upon 
effectually either by vitriolic, nitrous, or 
marine acid, or by aqua regia. es 


The reaſon of this pertinacity is, that the 
calx, ue well Arenen is either 


not 
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not taken up at all, or very ſparingly, and is 
beſides involved in ſtoney particles, which 
elude the action of the acids. The method 
by which this proceſs ſeems to be moſt 
nearly effected, is as follows: 
Iq a very ſubtile powder of this ore, ob- 
tained not only by levigation but elutria- 
tion, let there be added a quantity of con- 
centrated vitriolic acid, and let this be ex- 
ſed to a ſtrong digeſting heat for ſeveral 
ours; then let there be poured on a ſmall 
| N of concentrated marine acid, and 
agitating it a vehement efferveſcence 
ingly begins with conſiderable heat, 
gifing from the marine acid, which is 
thy deprived of its water by the vitriolic, 
and generates a marine acid air: by this 
method the forces of the two acids are con- 
joined. After the ſpace of about an hour, 
let water be added, and upon ſubſiding the 
clear liquor decanted. This operation is to 
be repeated with the reſiduum, until the 
acids can diſſolve no more. | 

What remains finally undiſſolved, is no- 
thing more than the ſtoney matrix. 

Let the ſolution, precipitated by means 
of aerated alkali = a, and the aui of 
regulus ſought will be 4 2. 

Ihe ſubtile atoms of the cryſtalline ore, 
intimately mixed with any matrix, may, 
after due pulverization, be ſeparated by 
waſhing. from a given portion, as the cryſ- 
tals are nearly of fix times greater ſpecific 
5 | 8 _ gravity 
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tanie than water; fo. that they not only 
exceed the earthy particles, but the ores of 
other metals, and approach even to the 
lig hter metals themſelves. The cr ryſtalline 
particles, after being ſeparated, are W 
to the trial above-deſcribed, the larger diſ- 
tinct cryſtals can ſeldom be ee the 
moſt common ore contains particles = 
t hem very much diſperſed. _ : 
The adventitious metals uſually found i in 
ores of tin, are copper and iron. 


8 XI. Ores of agu. 
Biſmuth. —_ is the moſt - 8 
of the ſemi- metals, occurs partly native, 
partly mineralized by ſulphur, and ſome- 
times perhaps even by the àerial acid. Some 
deny that this metal is found naturally 
united with ſulphur, but without founda- 
tion ; for 9 5 5 ſuch has not yet been 
found in Germany, it is undoubtedly ob- 
tained in many mountains of Sweden, eſpe- 
cially at Ridderhyttan in Weſtmania. Cal. 
ciform biſmuth is of a white colour, but it 
rarely occurs; ſo that it cannot yet be cer- 
tainly determined whether it be mineralized 
by aerial acid or not. 
() Native bas? is eaſily taken up by 
| nitrous acid, and may then be precipitated 
by water; which done, if any other metals 
are mixed with * they remain in the 2 5 
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and may be ſeparated” as above-deſcribed i in : 
various places. | 
[) When TR by ſulphur, it is 
decompoſed by flight boiling in the ſame 
-menſtruum ; ſo that the ſulphur may be at 
laſt obtairied; -which when waſhed-and col- 
| lected, is to be examined as to its purity and _ 
quantity. Fs 5 
The ſolution of the 8 1 preci- 
pitated by water, yields a white calx; let 
its weight = a, and that of the correſpond- 


ICOA. 


ing metal will TJ 


In theſe mineralizations iron- is ſome- 
times found, which, after the ſeparation of 
the biſmuth, - is eafily diſcoverable. i 

(c) Calciform biſmuth, whether alone, 
or mineralized by aerial acid, alſo enters 
the nitrous” acid, and may be precipitated” 
by water, upon which the heterogeneous 
matters remain in the liquor. The pre- 
ſence, of cobalt is diſcoverable immediately, 
by its communicating a red colour. 


\ 


$2 Xr. Ores of Nickel. : | 


Nickel is Fe but very ſparingly, 
mixed with other matters, yet it appears 
under a variety of forms; - ſometimes native, 
or united with a little ſulphur, yet at the 
ſame time intimately united with iron, co- 
balt, and arſenic ; ſo that theſe adventitious 
metals cannot be. ſeparated without, much 

hots _ difficulty, 
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dificulty; and the iron hitherto but i imper- a 


fectly; but it occurs mineralized by the vi- 
triolic; and poſſibly by the aerial acid. 


(A) Native nickel is taken up by nitrous 


acid, and when precipitated by aera. A al- 
kali, yields a calx which almoſt always 
contains iron; arſenic, and cobalt, in the 
ſame proportions in which they generally 
accompany the regulus eliquated in the. 
uſual way: if filver and biſmuth happen to 
be alſo preſent, which yet is very rarely the - 
caſe, the former is to' be precipitated by 
muria before the alkali is employed. 


(3) If ſulphur be preſent, it may be ſes - 


parated and collected during ſolution; 

(c) Nickel, mineralized by vitriolic acid; 
is ſcarcely ever without iron; a great part 
of the martial inquinament is ſeparated by 
long and violent boiling in water. _— 
; alkali throws down a greeniſh white 


pitate: let the weight of this = a, and the 


common reguline nickel is = =, 


(D The fame metal, miheralized by at 


rial acid, is diſſolved by the nitrous acid, 
and precipitated by means of acrated al 
kali. "A 
A more compleit account of the exa- 
mination of this metal, may be foubid| in a 


preceding W N 5 
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5 XIII. Ore of an. 


e is Ee by nature, both | re- 
guline, mineralized wy PR and caltie 
form. 17 0 

(a) If the purity of native welk is 60 
be examined, let it be diſſolved in four 
times its weight of aqua regia, and the ſo-— 
lution flowly evaporated, without any ſepa- 
ration of the metal; after this, let the ar- 
ſenic be precipitated by water, and collected 
upon a filter; the clear liquor which paſſes 
through will contain the heterogeneous me- 
tals: if any ſilver be preſent, it ſeizes the 
marine acid, and falls to the bottom. . 
Iron is fearce ever entirely abſent, and is 

frequently in ſuch quantity that the maſs 
appears poliſhed, moſt commonly cryſtal- 
line, md is vulgarly known by the name of 
miſſpickel, which is with juſtice conſidered 
as belonging to native arſenic, as it neither 
contains any ſulphur, nor any mineralizing 
acid, It muſt indeed be confeſſed, that ar- 
ſenic itſelf is nothing more than a peculiar 
acid coagulated by phlogiſton, in a manner 
_ finular to ſulphur ;- but the ſame thing is 
perhaps true of all the metals; and beſides, 
the acid of arſenic, when loaded with phlo- 
giſton, puts off its acid nature, and there- 
fore in that caſe cannot be looked upon as 
+ mjogalizing ſubſtance ; but if at any time 
; | | it: 
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it ſhall be found in the boſom of the earth, 


united in the manner of an acid menſtruum 


to any metal, it then beyond doubt is to be 
conſidered as a mineralizing ſubſtance. 


(8) Let arſenic, mineralized by ſul- | 
phur, be diffolved in marine acid, with yo 


addition of the nitrous occaſionally, 

greater or leſſer quantity, ſo that the ul. 
phur may be ſeparated free from all the 
metallic matter. The ſulphur collected, 


ee and weighed, indicates the quan- 


tity of the arſenical part; this however 


ought to be precipitated ſeparately by wa- 


ter, and weighed, a ſtep which is neceſſary 


wherever great accuracy is required. Sa- 


lited arſenic may alſo be precipitated in its 
metallic form, by zinc, the ſolution being 


previouſly weakened by ſpirit of wine; 


When ſulphur alone is united to the ar- 


ſenic, by- its different OE it pro- 
duces different colours, from a dilute yellow 
to an intenſe red; but if a conſiderable por- 


tion of iron alſo enters the compoſition, Aa 


white colour is generated, and a very different 
ſpecies of pyrites formed, which is called 
i che arſenical pyrites: the metallic princi- 
ples of this, diſſolved in marine acid, or 
aqua regia, may be ſeparated i in the ad 
above deſcribed. 
(e) Calciform arſenic, which tatgre ſel⸗ 


1 produces, is diſſolved and mige by i 


e | | 
A 1. 


= 
” 
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In general, concerning arſenical ores, we 
muſt guard againſt uſing too much nitrous 


. acid; as by that the whole of the phlogiſton 


is readily taken away, and the acid diſen- 
ged: the ſmalleſt quantity therefore which 


s fufficient for ſolution ſhould be employed, 


otherwiſe water will occaſion no precipita- 
tion; and, notwithſtanding all our caution, 
it is ſcarce poſhble to prevent the diſen- 
gagement of a portion of the arſenical acid, 
eſpecially if the boiling be long continued; 

this may be. recovered by evaporating to 
dryneſs, yet rarely alone, but occaſionally, 


and according to the laws of attraction, 


united either with the alkaline earths, or the 


metals which are preſent (). Some of the 
. arſenic: ange flies off. | 


. XIV. Ore f Cobalt. 8 0 


YO (5 
Reguline cobalt often ocurt totally deſ- 


. 7 0 


* titute both of ſulphur and aids, that 18. 


0 Regis of arſenic may be very cotnmodiouſly obe 5 
tained in the following way, by the via ſicca: white arſe= _ 


nic, with three times its weight of black flux, is put into 


a crucible, which is covered by another, and Juted ſo 
cloſely that the acceſs of external air is altogetlier pre- 


vented. This being done, the lower crucible is gagu- 


ally expoſed to a red heat, and in the mean time the u 


"6 per crucible, is protected from the effects of the fire 1 
means of a copper plate; by this method, the inner ſur- 


face of the upper crucible is covered with a poliſhed, cry= 
ſtallized, reguline cruſt, which may in general be ſeparately | 


GE . a gentle: See | 


14-1 2.” native, 


2 — 


f 


F 
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native, and only mixed with other metals: 
it is alſo found united with ſulphur, and 
mineralized by the acids of vitriol and ar- 
ſenic. Nature moreover exhibits a black 
calx of cobalt: it is not yet certainly known 
whether it is ever 7 loaded with the NO 
acid. | * 
(4A) When native, it almoſt always Cons 
tains iron and arſenic, and often nickel; 
and hence no doubt it is, that ſome authors 
aſſert that vitriolated cobalt, and the other 
falts containing this metal, are of a green 
colour; whereas they really are of an obſcure 
red, unleſs the nickel be in large quanti- 
ty. In order to ſeparate theſe metals, let 
the mixture, diſſolved in aqua regia, evapo- 
rate to dryneſs, and let the cobalt be ex- 
tracted by vinegar z ; ſuppoſe this, precipi- 
| tated by aerated alkali, be in weight = a, 
Wy the correſponding quantity of regulus= 
We have already treated of the nickel 
5 the iron ( x11.) zl if the arſenie be ſu- 
perabundant in the evaporated ſolution, it 
9 erhaps be precipitated” by Water a 
4 Cobalt united with ſulphur may be 
a in the ſame way, as it differs from 
the native cobalt only in containing a ſmall 
quantity of r which 1 is to be ſeparated ; 
2nd Sole 
(e) The celebrated Mr. Brandt has diſ- 
covered Cobalt joined to vitriolic acid, with 
a large quantity of iron, 'and without any 
«ene, This I have examined in the hu- _ 
G 8 8 mid 


— 


— —„-— — - —:22——r —— 22 


© —kͤ— 
2 


| 

| 
* 
* 
; 
| 

1 


As 


454% OF TAE ART OF ASSAYING- 


mid way, by ſolution. in aqua regia. Tho 
yellow ſolution, on account of abundant 


iron, was ſcarce red, but by boiling aſ- 
| ſumed an (obſcure green, and upon cooling 


recovered its former colour; a property 
which -diſtinguithes cobalt. No ſulphur 
could be collected; but a few drops of ſa- 
lited terra ponderoſa, diſſolved in water, im 


mediately diſcoyered the vitriolic acid, Scarce 55 


any arſemc appeared. 

If in this inſtance the l acid be 
preſent in a dephlogiſticated ſtate, as ap- 
pears to be the caſe (unleſs we rather chuſe 


to ſuppoſe that a very few. particles of ſul- 


phur have been dephlogiſticated during the 
ſolution) yet this acid is not preſent in ſuch 
quantity as to give birth to a vitriolated 
cobalt; for the maſs is of a metallic nature, 
and therefore the acid is to be oonſidered | 
only as an inquinament. a ants 
The trichites of the Greeks, mach is 
found i in the mines of Herngrund and Idria, 
| adhering. to an argillaceous ſtone, is found 
to contain ſomewhat of a real cobalt, be- 
fades the clay and vitriolic acid ; this can be 
Po PAR only by... a _phlogiſticated_ al- 
ee n hue; MAE 
(5) Cobalt frequently exhibits beautiful 


— effloreſcences, of à colour ſometimes 


— 


more dilute, ſometimes more ſaturated; it 
appears now like a looſe powder, now con- 
crete; nay at times it forms moſt beautiful 


cryſtals, 1 Foun, the fame center in 
| the 


%S — 
— mo. + 4 8 
b * 
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the manner of a ſtar. Theſe ſubſtances: al- 
ways ſhew. ſome. veſtiges of arſenic ; . but 
neither reguline nor white arſenic are; capa» 
ble of imparting the red colour to cobalt; 
this can only be effected by acids, Since 
therefore the colour indicates the preſence 
of an acid, it is reaſonable to conclude. it to 
be the arſenical acid. The white arſenic, = 
which is almoſt always adhering to the ores 
of cobalt, may perhaps be ſometimes ſo 
much dephlogiſticated by time, that the acid, 
being extricated, is in a condition to act 
upon the contiguous, particles of cobalt. ED 
In order either to eſtabliſh, or to oyver- 
throw this ſuſpicion, I thought it proper to 

conſult experiments. I found an exact cor- 
reſpondence to ſubſiſt between cobalt, arti- 


ficially ſaturated with acid of arſenic, and 


the natural red cryſtals of cobalt, except that 
the latter ſometimes contained white arſenic. 
The arſenicated cobalt is not taken up by 
Water, unleſs the acid be ſuperabundant; 
and this it is, perhaps, Which prevents the 
* ſeparation of arſenicated lime, upon the ad- 
dition of ſal ited lime to the ſolution ; how- 
ever, the event of the experiment is the ſame, 
whether the arſenicated cobalt employed be 
natural or artificial; gn evaporating to dry- 
neſs an arſenicated lime appears. 
On account of the ſcarcity of this ſub=- _ 
ſtance, I inſtituted another experiment in 


ſmall: I extracted the pure acid of arſenic, 


. a it 25 pap acid, and then 
G g 4 5 a 5 


— #4 
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abſorbing it by highly-rectified ſpirit „ 

wine; for this laſt does not take up the vi- 

| triolated cobalt, but only the diſengaged 

| acid. 

Wo. "Natural ene cobalt i 1s Rabel ſo- 

| luble in water, unleſs the water be ſharpened 

| by an acid, and when thus diſſolved it ſhould. 
| 

| 


F be precipitated by acrated alkali, to diſco- 
ver gs antity of reguline cobalt. Cobalt, 
artificially arſenicated and ſufficienthy dried. 5 
_ thews the ſame properties as the natural. 

(E) I have ſometimes examined — 
 moreor leſs compact, green or blue, which 
1 appear to contain alittle cobalt; but in theſe 
b ſpecimens copper abounded, more eſpecially 
an the blue, which alſo efferveſce yiolently 
=: . in acids. Let the copper be firſt precipi, 
tated from the ſolution by iron, the liquor 

evaporated to dryneſs, and the cobalt diſ- 
ſolved by vinegar ; if any of the iron ad- 
© | heres to the vinegar it ſeparates on boiling. 

1 .(#) The black calx of cobalt is generally 
found concreted into an hard maſs, know 

2 by the name of glaſſy ore of cobalt; this, 

| . when pulverized, is taken up by aqua regia 

or marine acid, and may be examined like 
the former. I n not en, diſcovered 
e the benen ane, Mt | 


8 XY. Ores of Abi | 


Many ſtill doubt whether zinc his ever 
found native; it is ſeen mineralized by fab. 


phyr 


** 


— 


* 


\ 


FROG in the pſeudo galena; by vitriolie acid, 
in native white vitriol ; and by aerial acid, 
in lapis calaminaris, es in the oeh pres 


which are called glaſſy. e 


(A) If at any time natiye 4 
zinc, without any artificial aſſiſtance, be 
found, its purity may be eaſily examined, as 
it is quickly diſſolved in all the common 
mineral acids, and whatever heterogeneous” 
metal is preſent may be precipitated by zinc. 
The factitious white vitriol n contains 


"2 go other metal, except lead. 


(z) The 06-4 galena, which? contains 
: zine mineralized b y ſulphur, together with: 

iron, muſt be carefully treated with nitrous! 
acid, in prder to extract the metallic part 


without in ury to the ſulphur ::4f no dex 


metal than iron be preſent, let it he preci- 
pitated by zinc; but if more; the iran muſt 
* calcined by repeatedly abſtracting nitrous 
acid to dryneſs, and the new ſolution, made 
by gn or any _ menfiruum, ex- 
amined. * 


Hepatic air woo 3 by: the vitrio- 5 


lie, and ſtill more :copiouſly by the marine 
acid; but as this elaſtib uid conſumes a 
part of the ſulphur, I have rather directed 


the em dn. of nitrous àeid with cau- | 


} 
- —— 
5 
pe Fi 
” 
. 
A 
= 0 
- 
. 
- 


tion in the ſolution of pſeudo galena. 


(e) Let the zinc, united with vitriolic 


acid, be diflolved i in water, and precip pitated 
| by-- A aerated: alkali; Tr the "eight of 
: + 7 22 45 * 7 + 2515 aerated 


; w-pid eo . : * 
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aerated: BH & and _ a the reguline metal 
f Zinc is — | 


I, as 15 deneralty: chi: eater ron by! pre- 


; "Sg this ſhould be PRE 6 a known 


weight of zinc. 401A } 
(D) Zine, nlinetalived by oriat avid; and 


. diffolved in acids, ſhould be precipitated 


either by aerated or phlogiſticated- kalt; 5 


in the latter caſe, or in order to determine 


the metallic part, the weight of the ſedi- 
ment muſt be divided by 757. . 
In the Treatiſe on Zine wehavedeſcribed 


at large how the matrix and other Hicteroge- 


meous matters are Wo! be eee on diffe- 


rent occaſions,” | j 's Is wn Nn 0 


1 de mige ger by ſperp hab lately 


been diſcovered () ; and I hope, by favour 
of the illuſtrious Ant derrer, that it will be 


ſoon examined by the humid way, as the 


mineralizing ſubſtance (9) is 1 un- 
e ; e OF 


1. 


$i XVI. e 9 login. 


TOON commonly called ee . 
FO yet been met with only under t two diffe- 


([) By Mr. Von Ram. L 

(e) It is always extremely cult. to — zinc 
from its ores in the via ſicca. The ore roaſted with char- 
coal-duſt in the way deſcribed in note (n), it is true, 
yields ſeveral particles of zinc in the upper crucible, 


- — . * XL 


eſpecially if that crucible be perforated by an hole, and 


covered above by another, well luted on; but hitherto it 
"has been found impracticable to ſublime more than one 
Half of the contents of the lower crucible, | | 

| rent 
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tent IEG e native. or mineralized by 
ſul hur. fn bFeng- > 

(a) Mr. Suab, in gta firſt diſcovered 
native antimony in a calcareous, matrix at 
Sahlberget, nor do know that it has been 


found any where el however, in the col- 


lection of the Academy, there is a ſmall, piece 
found ſomewhere. out of Sweden, but Where 
is uncertain; this is in a quartoſe matrix: 


o chat it appears native antimony is found 
in other places, though rarely, and though | 


little known in this country. d. ware 


/ 


The purity of the metal is _ conve- 


niedrig! examined by reducing it to a calx 
with ſtrong nitrous acid; for this being 
done, if it be entirely pure, there will re- 


main diſſolved in the menſtruum only 5 
ſmall part, which Se pan the i- 


tion of wate. 0 

(3) The metallic part of antimony, mi- 
neralized by ſulphur, is taken up by aqua 
regia, and the ſulphur remains pure. The 
ſolution, mixed with ſtrong nitrous acid, 


on boiling depoſits a calcined antimony, 


which being ſeparated, the remaining liquor 


may be examined by DOE A . 


or any other means. 

Sulphurated antimony, by a certain vat 
tity. of arſenic, grows red, frequently exhi- 
- biting beautiful faſciculi of filaments. radi- 
_ ating from a center. If atſenic-be preſent it is 
thus diſcovered: let the powder be gently 


obtained 


oiled in aqua egi until the ſulphur is 
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obtained pure; ; the clear ſolution contain 


the e and arſenic, which are ſepa - 
rated in the following manner let concen- 
trated nitrous acid be poured on, and the 
_ reduced to d white calx by boil- 


> let this be collages on a filter, and 


the liquor that paſſ oy evaporation yields 
the arſenic, an poiled of PRICE, 
that! is, the arſenical fo: hy 

Beſides, as the cauſtic alkali takes up both 
fulphur and antimony, this, aided by heat, 


may be advantageouſly employed, eſpecially : 


for the ſeparation of filver or other metals 
which do not yield to this menſtruum; an 


 hepar is indeed generated, but in this in- 


__ it difſolres Karle or nothin ing. 


— 


The newly-diſcovered ſemi⸗ metal, — 


King accompanies moſt ores of iron, as has 
been before obſerved (I 111, c). It has 
however ores of its own, in which it predo- 
minates, though they are ſeldom. to be 
found ; it has no where yet been obſeryed 


native, nor mineralized by ſulphur, unleſs / 


when joined with other metals in larger 
quantities; it commonly occurs calciform, 


but under various forms; generally alone and 


black, ſometimes mineralized by aerial acid. 
(4) Calciform manganeſe alone perils 

5 ly Va a metallic * is 3 

an 


\ 


; 21 xviI. Ores of Manganeſe, =_ | 


/ 
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an earthy colour, black or red: the colours 
are no doubt owing to ee Taken of. 
phlog iſton. 

Let theſe ores, 8 to a ſubtile pow= 
der, be immerſed in any, but particularly a a 

mineral acid, together with a ſmall piece of 
ſugar. It is known that the calx of this 
metal eludes the force of acids, unleſs ſome- 
what be added to ſupply the neceſſary. quan- 
tity. of phlogiſton. Let freſh acid be re- 
peatedly poured on with ſugar, until no 
more is extfacted by a digeſting heat; let 
the ſolution collected be precipitated by 
aerated alkali; let the weight of the ſedi- 
ment be a, and the ee Keule c 
will == > 


180% 


What remains undiſſolved at Ak Pots 


either belongs to the matrix, or contains he : 
terogencous mixtures. 


(3) Aerated man ganeſe is rarely found 
pure but in the gold mine at Nagyay: when 
it forms the matrix, it is had ſcarcely mix- 
ed with iron; at leaſt, in a ſolution made 
with nitrous acid, the phlogiſticated alkali 
does not diſcover it. In general the iron is 
im larger quantity, as in the white ores of 


iron; but theſe ores are to be treated ya 
before deſcribed. | 


A 


In order to ſeparate the iron when it 


abounds; or at leaſt the greateſt part of it, let 
nitrous acid be repeatedly abſtracted to ig- 
nition from the ore; after which the manga- 
neſe pure, or at leaſt not much contaminat- 


* NEE, | ed 


2 
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ed by iron, may be ſeparated by ſtrong ** 
centrated vinegar, or diluted nitrous acid. 
Manganeſe, precipitated from ſuperabun« 


* nitrous acid, by phlogiſticated alkali, 


diſſolves totally in diſtilled water; a pro- 


2 which affords a method: af ſeparating + 


iron. 


1 We cannot W aſſert whether man- 


| ganeſe, joĩned to marine acid, is ever found 


in the boſom of the earth; although it 
ſeems probable, on the ſuppoſition that na- 
tural waters are ſometimes found loaded 
with ſalited manganeſe (). 


Thus we have mentioned By Gftcen a6 


tals which are known to be diſtinct, and 
have pointed out proceſſes by Which the 
chief varieties of their ores may be examined 
in the humid way : the greater numbers af 
ways by which, theſe bodies an be exa- 
mined the better; now one method is ne- 
ceſſary, now another. But 1 have no doubt 
that multiplied experiments will diſcover 
methods more numerous and effective than 
| thoſe propoſed 1 in the brenne ſketch. 


) The celebrated P. J. Hielm diſcovered, waters of 


bY this fort about the lake Vettern. nary Me. * " 
Chemical OY 8 125225 | 
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Bodies, eds Minerals. 
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8 1. Lrradudin. b 


HE tube 9 LE the 27 to 
which it has been applied, is called 
the ſoldering tube, or blow- pipe, is very uſe- 
ful and neceſſary to many artificers; but our 
countryman, the celebrated metallurgiſt An- 
dreas Swab, was, if I miſtake not, the firſt 
who applied it to the examination of mine- 
rals, and that about the year 1738. This 
invention was, afterwards much improved by 
5 | 7 | Meſſr 8. 
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Meſſrs. Cronſtedt, Rinman, Engeſtroem; 
Quiſt; Gahn, and Scheele; nay; Mr. En- 
geſtroem has written an expreſs treatiſe 
upon its uſes, which was firſt publiſhed 
in Engliſh, afterwards tranſlated into the 
Swediſh, and finally the German language. 
The experience of many years has however 
ſhewn me, that this inſtrument is ſuſcep- 
tible of further improvement, both as to 
conſtruction and application: I ſhall there- 
fore relate ſuch circumſtances concerning tt 
as may be comprized in a brief deſcription. 


— 


. Figure of the Infriment. 5 


That which I uſe is formed of pure ſil⸗ 
ver, leſt it ſhould be injured by ruſt; a 
ſmall addition of platina communicates the 
neceflary hardneſs: 9 28 . 
It conſiſts of three parts, which may oc 
cafionally be joined: an handle A (tab. 2) 
terminating in a truncated conical apex a a, 
which may be, by twiſting, ſo adapted to 
the apertute b as to ſhut it more cloſely 
than can be done by a ſcrew. In the place 
of the hollow ſphere which is commonly 
uſed, I make uſe of the little box , formed 
of an elliptical plate, ſo bended through the 
centre that the oppoſite fides become paral- 
lel, and are Joined round by a plate equal in 

| breadth to c E: ſuch a box collects the 
moiſture of the breath as well as the 2 
| 57 . F 1 5 ny an i 


* 


the orifice ( 


ſhould flow through: the orifice in a con- 
tinued ſtream, ſo long as the experiment 


* 


| at is beſides 3 nick the 3 of 
a compreſſed figure, and ſmaller circumfe- 
rence. The aperture (b) is ſomewhat coni- 


cal, and hollowed out of the ſolid piece, and 
has no margin turned inwards, leſt the ef- 


flux of the fluid, collected after long blow- 
ing, or the cleanſing of the internal parts, 
ſhould” be in any degree prevented. The 
tube (c) is very ſmall, and its ſhorter coni- 
cal end (He) exactly fitted to the aperture 
(f), ſo that no air can eſcape, unleſs through 
the orifice (g). Many of theſe. tubes ſhould - 


be provided, with orifices of different diame- 


ters, to be applied on different occaſions; 
2 itſelf ought to be ſmooth 


and u otherwiſe the cone of 7 


hereafter mentioned, will be divided (5 111). 
The bands (h h, i i) prevent the coneal | 
apices (a a, e e) from being thurſt in too far, 
and alſo ſerve another purpoſe; for when the 
conical apices (a a, e e), by repeated attri- 
tion, are at laſt ſo much diminiſhed as to 


fall out ſpontaneouſly, by filing away a little 


of the bands, they may again be made tight. 


The figure repreſents the whole WERE of 
the EA ſize, 


55 111 1. Method 15 boi 1 the Tube. , 


141 it is ohlalntely neceſſary that the air 


Vor. II. Hh continues 
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continues to require it, this labour will 


fatigue the lungs too much, unleſs an equa» 


ble and uninterrupted inſpiration can at the 


fame time be continued. To ſucceed in this 


operation without inconvenience, ſome la- 


bour and practice are neceſſary. The whole 
artifice, however, conſiſts in this, that while 


the air is inſpired through the noſtrils, that 
which is contained in the mouth be forced 
out through the tube by the en of 
the cheeks. 

To ſome perſons this is eme diffi- 


cult; but frequent trials will eſtabliſh the 


habit, ſo that a continual ſtream of air can 
be ſupplied for a quarter of an hour and more, 
without any other inconvenience than the 


| aac the lips compreſſing the tube. 


iv. The proper Kind of Flame. 
The ſtream of air above ee 1s 
1 for impelling the flame upon the 


matter under examination. Too great a 
flame does not eaſily yield to the blaſt; 


and too ſmall a one produces a proportiona- 
'bly weak effect: a ſlender candle ſhould 
therefore be choſen (either wax or tallow) 
(p) with a cotton wick (k I). The burned 
top muſt be cut off at ſuch a length that 
the remainder may be bent a little ( m). 
The orifice (g) ts to be held above, and _ | 
'to this arch, | wt ne eg 0 9 
* air equably expreſſed.” bo boring 
n en | . The 


AND 176 E. 167 


The flame being forced to one fide by the 
ee of the blaſt, exhibits two diſtin&t _ 
figures; the internal figure (In), conical, 
blue, and well defined; at the apex of this 
(n), the moſt violent degree of heat is ex- 
cited; the external (1 o), browniſh, vague, 
and undetermined, which is ſpoiled of its 
phlogiſton by the ſurrounding atmoſpheric | 
air, and occaſions much leſs heat at its ex- 
tremity (0) than the interior flame does. 


* v. Proper Supports for the ae under 1 


Examination. 


The fabflanices to be catalina are ſup⸗ ; 
ported by two different ſuſtentacula, accor- 
ding to the diverſity of the matters under 
. confideration ; the one is charcoal of beech 

or fir, cut into the form of a parallelopiped z | 
the other a ſilver, or (which is better) a gol- 
den ſpoon, fitted with a wooden handle. The _. 
firſt of theſe is generally uſed, except where 
phlogiſton is to be avoided, or the ſubject 
under examination is abſorbed by charcoal.. 


Ihe golden ſpoon ſhould be much leſs than 


the figure (=); as the bulk of the ſupport 
impedes: the proper heat of the matter ex- 
PR to examination. | 
Particles that are very Gall nd; lig ht 
are eaſily carried off wi the blaſt of — * 
do prevent which a ſmall cavity ſhould be 
. out in the charcoal; i in which, be- 

H „ ing 


— ̃ — 
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ing partly protected by another ſmaller piece 
of charcoal, they may be expoſed. to the 
apex of the flame. „ 


„ Proper Fluxes. 
. | 


_ . Subſtances which are not fuſible per ſe, 
are often fuſed and diflolved by means of 
ſalts; I make uſe of three in particular, 
one of which is acid, another alkaline, and 
the third neutral. 7 
1. The phoſphoric acid, or rather the 
microcoſmic ſalt, as it is generally called, 
which contains that acid partly ſaturated 
with mineral, partly with volatile alkali, 
and loaded beſides with much water, and a 
gelatinous fat. This ſalt, when expoſed to 
the flame, boils and foams violently, with a 
continual crackling noiſe, until the water 
and volatile alkali have flown off; after- 
wards it is leſs agitated, ſending forth ſome- 
what like black ſcoriæ, ariſing from the 
burned gelatinous part; theſe are ſoon diſ- 
pelled, and exhibit a pellucid ſphærule, en- 
compaſſed by a beautiful green cloud, which 
is occaſioned by the deflagration of the phoſ- 
phorus ariſing from the extrication of the 
acid by means of the inflammable matter. x7 
The clear globule which remains, upon 
the removal of the flame continues longer 
ſoft than that formed by borax, and there- 
fore is more fit for the addition of the mat- 
2411. V 5 
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ter to be diſſolved. The volatile alkali is 
expelled by the fire, therefore an exceſs of 
acid ariſes in what remains, which eaſily at- 
tracts moiſture in a cool place. FR; 
2. The mineral alkali, or ſal ſodæ, which, 
when fuſed upon charcoal, melts ſuperficial- 
ly, with a crackling noiſe, penetrates the 


charcoal, and diſappears: this, in the ſpoon, 


yields a permanent and tranſparent ſphærule, 
ſo long as-it is kept fluid by the blue apex 
(n) ; but when the heat is diminiſhed puts 
on a milky opacity ; hence it appears why 
this cannot be employed upon charcoal: 
This alkali attacks ſeveral derb Nb par- 
ticularly ſiliceous matters. | 
3. Cryſtallized borax, expoſed to the nine” 
upon charcoal, at firſt becomes opake, White, 
and wonderfully intumeſcent; it throws 
out branches and various protuberances ; 
but when the water is expelled, it is eafily 
collected into a maſs, which; when well 
fuſed, yields a colourleſs ſphærule, which 
retains its tranſparency even after cooling: 
if calcined borax be employed, the clear 
ſphærule is more ſpeedily obtained. This 
ſalt conſiſts of mineral alkali partially ſa- 
turated with a peculiar acid, known by the 
name of ſedative ſalt; each of i its principles 
is | ſeparately fuſible, and each Ae a 
great number of other matters: 
The habits of theſe ſalts, when Spule 
to fire, being once known, it will be eaſy -. 
; VERS e 


_—_ * _ 
2 E 3 ” A 2 
q * 
——— ya — — 


— 
2x2 —4 2 — 2 
— ͤ— erat Bl —————— —— 8 
. 


— U — 


* 
3 


: 
. 
b 
4 
| 


| 0 or THE BLOW IA, 
to underſtand the differences occaſioned by 


the different end 0 5 


8 vii. 3 to be obſerved in the 


Examination of Ladies 9 the Blow- Pope.” 
The exterior flame wad firſt be Sirens 


wpon the maſs under examination ; and when 
its efficacy is well known, then he Interior 
blue flame. 


Particular care muſt be Wan to abies 


whether the matter decrepitateg, ſplits, 


ſwells, liquefies, boils, vegetates, changes 
colour, ſmokes, is inflamed, becomes * 
or magnetic, &c. | 
The piece expoſed to the flame ſhould 
ſcarcely ever exceed the bulk of a grain of 
pper ; but ought never to be ſo ſmall as not 
bel taken up by the forceps (1) ; as, if it be 
too large, a part of it is neceſſarily without 
the focus, and muſt cool both the ſupport 
and the part immerſed in the blue apex. 
The particles may be ſufficiently commi- 
nuted upon the ſteel plate (6) by the 
hammer (7), and are prevented from being 


_ diſperſed by the ring (H). 


A ſmall piece ſhould be added e 
1y to each of the fluxes, concerning which 
i muſt be obſerved, whether it diſſolves - 
wholly, or in part only; whether this be ef- 
ons with or Fave en . quick- 


5 f . ' ly 


Ae on 


ly or flowly ; Whether the maſs. be divided 
into a powder, or gradually and externally 
corroded ; what colour the glaſs is tinged — 
whether it be opake or pellucid. 
"Theſe general principles ſhall now be 
applied to exemplify the mineralogical and | 
chemical uſe 1 * e Sod 


S vin. Four Claſſes f Poſſe. "Ry 


Unorganized bodies are generally diſtti= 
buted into four claſſes; ſaline, earthy, i in- 
flammable, and metallic. 

The ſalts are diſtinguiſhed by folubility 
and fapor: but theſe properties differ in 
many ways as to degree, and in fact form 
a continued ſeries with the earths; ſo that 
the links in the chain of nature can 
ſcarcely be diſtinguiſhed, unleſs artificial 
limits be inſtituted. ä 
Many of theſe, when expoſed to the flame, | 
caſily liquefy, or are diſſolved by the water 
of cryſtallization growing hot; but when 
this is expelled, ſplit, and, by a more in- 


tenſe heat, are really fuſed: others are de- 


prived of their water without any motion, 
and are only once fuſible: ſome fy off by. 

the heat. 
-  Earths I call ſuch ſubſtances as are fixed 
in the fire, not ſapid, nor, though reduced to 
the moſt ſubtile powder, ſoluble in 1,0 


2 their weight of boiling water. Some 
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of theſe, either by having their ſurfaces in- 
creaſed by a previous chemical diviſion, and 
their ſarface of contact thereby increaſed, 
or by the affiftance of an exceſs of aerial 
acid, or by expoſure to intenſe heat in cloſe 
veſſels, actually are diſſolved in water; theſe 
J call faline earths: but the reſt, which can, 
buy no artifice hitherto known, be made to 
-enter water, deſerve the name of earths ſim- 
-ply, and aar, oxy. Examined by . the 
blow-pipe per ſe, they are found either re- 
fractory or fuſible; and very .few of them 
-alone exhibit a tranſparent glaſs. They are 
diſſolved by the abovementioned fluxes, or 5 
at leaſt by one of them; bees, e nei- 
ther burn nor ſmoke. 
- Moſt of the inflammable uten TIO 
eke and yield coals loaded with an oily 
matter. Sulphureous bodies burn without 
any reſiduum; but ſome of theſe ; are 2 
1 ; mapifaſted by yolatility. : 
The metals, excepting a few, are Aid 
„ i the ignoble metals are calcined, and 
85 colour the fluxes, | BN 
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8 IX, Diferent Species e's Salts. 


f The Elts, ar nated. or . 
14 are very eaſily examined by the blow- pipe. 
Some of theſe are properly called ſalts, con- 
4 | fiſting entirely of a ſoluble matter; ſuch 

are acids, alkalis, and the neutrals compoſed 


N * 2 2 7 3 uf 1 . of 


united with a genuine ſalt) may be e | 
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The cid Shit are always aud 1 aſs 
over, as they elude th# flame, and ſhall here 


1. 


only examine the concrete ſalts. 
The acid of arſenic muſt be carefully 


diſtinguiſhed | from white arſenic, which 


contains this acid indeed, but unites with 


ſo much phlogiſton, that it is coagulated (2 
into a ſort of ſulphur.” This. acid, deprived 


of water, exhibits.a dry mals ; and, expoſed 


in this ſtate to flame upon Karcoal: receives 


from thence ſo much phlogiſton, as to re- 
generate white arſenic, and diffuſe a gatlic 


- odour... In the ſpoon” it fuſes, and does not 
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of theſe; but the others, containing a baſe 
not ſoluble per ſe, either earthy: or metallic 
(which is not ſoluble in water, unleſs when 


ſmoke, unleſs by the acquiſition of phlo= 


giſton, either from the flame or the metallic 5 


8 | 
he acid, which exiſts molybdæna (3); 


ſeems to be the radix of ſome metal; it is 


of a ſpecific gravity 3,461 ; poſſeſſes the pro- 


perty of tinging fluxes, and decompoſing 


phlogifticated alkali. —Ts ny the acid of . 


fin? 18 


a) See the Treat 0 on Arſenic, 3 
9 N Mr. Scheele, Act. Stockholm, _— 
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This acid, expoſed. to the flame upon 
charcoal, is abſorbed ; in the ſpoon it emits 
a white ſmoke, which, upon contact of the 
interior cone, grows of a beautiful blue; 


but, expoſed to the exterior cone, again 


grows white: it tinges microcoſmic ſalt. of 
an elegant green; borax, with a ſmall quan- 
tity of it, exhibits an aſhen colour by re- 
flection; but by refraction a dark violet. 
No other acid tinges the fluxes. | 


Ihe acid of borax, commonly called ſe- 


dative falt, eaſily liquefies, and in the. ſame 
manner, but with far leſs intumeſcence than 
borax : it remains fixed in a pellucid glo- 


bule (F v1.). 


Ihe acid of tartar is not to be confound- 
ed with cream of tartar, which is partly ſa- 
turated by the vegetable alkali (c): this li- 
quefies upon the firſt contact of the exte- 
rior flame; ſoon is inflated, foams, grows 
black, and ſends forth a ſmoke and blue 


flame, leaving a ſpongy coal, which ſoon 


leaves white aſhes of a calcareous nature. 
In order to obſerve theſe changes diſtinctly, 
the combuſtion muſt be occaſioned ſlowly 


by the weakeſt part of the flame. 
_. Cryſtallized acid of ſugar is by the ex- 
terior flame firſt made of an opake white, 

en flows, and finally ſoon flies off, with- 
out leaving any reſiduum. FO 
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The acid of phoſphorus occurs in all the 
natural kingdoms ; when dried it is eaſily 
Fuſed, and aſſumes the form of a pellucid 


globule, which yet attracts the een of 
Ups W 


14 


" bs 
918 


* 
1 21 
14 4 1 
''s Xs}, Alain. n ee 
* * 


The cryſtallized vegetable alkali firſt” TY 
comes opake, and decrepitates long and 
violently, then melts into a globule Which 
perſiſts in the ſpoon, but expands on the 
charcoal, and is abſorbed with a crackling 
noiſe. 

The mineral alkali has 955 lame proper. | 
ties as the ſal ſodæ deſcribed in F vi. 


The volatile . ae a little, and 
is 110 pated. | 


wk i 
Bu 


- . - 


1 XII. Neutral Soles: 7 Ws $10 7% 


"Several, of the LL falts flow: ey 
but, according to their different natures, ex- 
| hibft different phænomena; 9 a _ 
SHIP will aden dla | 


The deerepitating Salto. 2 721 5 "in 
' Thefe are broken and diſ perſed by 7 "i 


den heat: of this ſort are arcs vege- 


table and volatile alkali, falited, ESA | 
and mineral alkali. | 


7 2 


— 


the 
abounds with oil, which almoſt always 
£ happens: : in this Ss ſome coaly veſtiges re- 
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7 olatile Sale, bs, 


Which have a baſe totally beute, ah | 
generally fly off; 'vitriolated, ae and 
lited volatile alkali. PET OR 
Genuine falt of amber by the exterior 
flame on the charcoal liquefies and ſmokes; 
by the interior takes fire, and in burnin 
dag Pee with a blue flame. In the ſpoon 
ame happens, except when tlie ſalt 


main. The ſpurious falt of amber differs 
according to the frauds uſed in its prepara- 


tion; it generally in the beginning ſwells, 


ſmokes, and grows black, then White; and 


fioally, melts into a fixed white maſs. 


4 


Detonating Salt. 


Theſe ſalts; which always abound with 
nitrous acid, ae in the ſpoon, and perſiſt 


even on the charcoal, unleſs it takes fire ; 


for when ignited they immediately take fire 


on the contact of phlogiſton, ſending forth 


a violent flame, with a detonating noiſe. 
During this operation the acid is diſſipated, 


and the baſis, if fixed, remains alone. If 


the baſe be volatile, ſcarce any detonation 1 is 


excited, for the ſalt flies totally off. 


Nitrated vegetable alkali ſhews a blue 
flame, but the nitrated mineral and volatile 
al kali a yellow ore. a 
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Carbonaceous Salt 


Theſe, "i the combuſtion of their Sia, 7 


Field ſpongy coals, - Which, when ignited, 
ſoon grow white, leaving behind- the alka- 


line | baſe ; ſuch are acid of: tartar, © crude 


| tartar, ſal acetoſellæ, and tartarized wege 
| cer an 2 . Fg | 


er TAY * 
* 


 Hepatiſeent Salts. 


© Thele, expoſed to the flame on the char 


- coal; flow, and yield a yellow or red maſs, 
Which diffuſes an hepatic. ſmell, eſpecial- 
ly when moiſtened by any acid. To this 


claſs belong all thoſe fixed in the fire, con- 


taining vitriolic acid, which, when ſaturat- 
ed with the phlogiſton of the charcoal, ge- 


nerate ſulphur ; theſe are vitriolated vege- 


table * mineral alkali, 1 


3 


2 8 XIII. Mi ddle 405 Salts. 4 


Of the middle earthy ſalts few flow Ty 
perfedtly: as to be reduced to a globule, nor 


do they all fuſe actually, though the water 


of cryſtallization in its departure excites a 


foam: thoſe which contain vitriolic acid 


efferveſce violently with borax and micro- 


coſmic ſalt, but a are e volved 5 


fl ſode. 


* 
w 9 3 # 4 *- 


| Decrepitating Salts. TEES 


— 


% 


7 pſum anos. on ; c ects a my | | 
. Intumeſcent 


«5! 


* u CY Oe wh - = 
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Intumeſcent Salts. 


Vitriolated magneſia ſwells, foams , and, 
when repeatedly expoſed | to the flame, may 
be fuſed. 

Alum 3s ſomewhat 3 ; for, finally, 


all ebullition ceaſes, and the maſs remains 
immoveably at reſt, and it undergoes no 


other change than to ſplit : when hot it is 


variegated with blue ſpots. 


Acetated lime ſwells much like a but 


ſearcely adheres to the charcoal. 


Nitrated magneſia ſwells with a crackling 


noiſe, but without any detonation. 


Salited magneſia in a dry ſtate belongs to 


this claſs. 


Puſible Salts. 
Although gypſum cluded the force of : 


fire in Pott's furnace, yet it may be fuſed in 


a moment, if a ſection of the lamella be ex- 


poſed to the blue flame : though naturally 


pelucid, it inſtantly acquires an opacity — 


| the water goes off without ebullition, | 


Carbonaceous Salle. 
Tartarized lime and magneſia; nay, all 


the earths united with acid of tartar. | 
Soluble in Borax and Micracafmic Salt, wth 


Efferveſcence. _ 
Lime, magneſia, vitriolated clay, and ace- 


8 xv. . 


jg 
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FS xv. Middle metallic Salts. 


| of the middle metallie ſalts, Ser 
containing a large quantity of water, or re- 
taining pertinaciouſly the acid, flow in the 
fire, others only foam: moſt 'of chem re- 
cover, at leaſt partly, their metallic appear- 
ance, eſpecially when they touch the coal, 
leaving at the ſame time a ſhapeleſs ſcoria. 
By the addition of borax the ſcoriz are diſ- 
ſolved and the regulus better collected, but 
here we conſider the falts alone: the fluxes 
are tinged in the ſame way as oy the nie 
N 8 XXII. xxxv. 6 


Decrepitatin g echt Saltr. i 72 
Nitrated lead, tartarized m, 75 


Ve olatile metallic Salts. 


To this belong the ſalts whoſe baſe is 
mercury, as they are diſſipated by fire; thoſe 
which contain marine acid in general ly off 
more quickly. than thoſe which : are loaded 
by pay other menſtruum. N : 


3 


| Detonating 3 . | 


Silver, 1 mercury, lead, and biſmuth, united | 
with s Altona Ms 


/ 


AE — > 
ns I —— So . 
N — — —— DEV o — — — —_— 
— . — — k 7  - 
- 


| - 
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| Intumeſcent metallic Salto. 
At. Ne firſt approach of fire they ſwell 


with noife, and a certain ebullition, but 
then remain immoveable; vitrjolated and 


nitrated copper, iron and cobalt Virrielsted, 
vitriolated and nitrated Zinc. 2 


Q | Ful metallic Salts. 


” Theſe are, by the exterior flame, eaſily . 


20 5 
4 1 


duced to globules. By this method ſilver 
and lead -falited in the ſpoon put on the 


horny appearance, but by a long violent 


fuſion they again put it off, the acid bein "g 


too much diminiſhed : hence it appears with 
What caution theſe metals are. to be made | 
horny in the crucible. 

Silver and lead eee copper and 


Zinc fal ited. 


Cardenas metallic Sate.. 


| Tartarized antimony. FE 


a 


"Metallic Salts tinging the” F lame. 


Vitriolated copper, and alſo, nitrated com. 
per, produces a greenneſs; but ſalited copper 


acts with far more efficacy. The green cryſ- 


- tals of this firſt grow red by the exterior 
flame; they ſoon Iiquefy, and grow black ; 
they make the flame at firſt of a deep blue, | 
which N verges to a green. The 
flame 


AND r , A 


flame thus tinged expands much, and re- 
mains ſo. until the whole maſs of the falt is 


diſſipated : this green ſalt, added to micro= 


' coſmic ſalt in fuſion, immediately ſhews a 
beautiful flame; the clear. globule is tinged 


green, and does not grow opake or broẽm, 


unleſs a large quantity of the microcoſmico 


ſalt be added; a - circumſtance which takes 5 


place much ſooner upon the addition of a 
ſmaller oo of A . 7 


means hitherto: known—of theſe five onl 


exiſts in the diamond we are ignorant. 


Thoſe are called derivative which atiſe 5 5 


from a mixture of two or more of the 
primitives. Many of thoſe which Mr, 
Cronſtedt thought to be ſimple, I have 


diſcovered, by the humid analyſis properly” 


conducted, to be compound; this is not to 
"= obje&ted to that great mineralogiſt, as the 
chemical art at his time had not inveſtigat= 


ed the Kerle of the mineral eee Te 


$x XVI, 2 77 the primitive Earl. | 


Lime; 


This (which? by itſelf is ile by.s 4 1 5 
ſufficient degree of heat loſes its property . 
TEL bd 74: bo effer- 


ow xv. D unt Species of Earthe 05 
Earths are in general either ſimple (which ID 


I call primitive) and incapable of decom- 
poſition. or mutual tranſmutation by an 


; 
>". 


have been as yet diſcovered—whether a tn 
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_ efferveſcing in acids ; it acquires ſolubility in 
water, the power of generating heat with it, 

and of . ſuffering ſpontaneous calcination. 
Iheſe laſt properties however it loſes, if too 
much urged by heat. The heat it generates 
with water may eaſily be tried by a drop of 
water on the back of the hand, with the ad- - 
dition of a ſmall piece of lime juſt cooled 
after burning. | 


Crude calcareous earth fevers a litt 8 


with mineral alkali, and is divided into ſmall 
particles but ſparingly diſſolved; when over- 
* it ſeems not to be divided or dimi- 
niſhed. | | 
In borax the former diſſolves with effer- 
veſcence, the latter ſcarcely SE any 
bubbles. : 
In microcoſmic ſalt the ſame phenomena 
appear, but the eo eta is ſomewhat 
reater.. | 
It is alfo obſervable that a very Gay" 
iece of calcareous earth is eaſily diſſolved in 
{2650 and microcoimic falt, yielding ſphæ- 
rules altogether pellucid ; but if more earth 
be gradually added, the flux, at length ſatu- 
rated, retains the diſſolved * indeed, 
while in perfect fuſion; but on removing 
the flame, the part Which was taken up by 
means of the heat alone, ſeparates; from 
'hence clonds ariſe at feſt, and the whole 
globule becomes apake, and recovers its 
tranſparency again by fuſion. This is en- 
tirely DON to what happens in the 
amid 
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humid way : for warm water, ſaturated with 5 ak 
nitre, or Glauber's ſalt, upon cooling is obli- 


ged to depoſit that part which it had taken up 
in virtue of its warmth. If the fuſed pellucid 
globule (which would grow opaque upon 
cooling) be quickly plunged into melting 


tallow, water, or other ſubſtance, hot (for | 


cold generally cracks it) ſo as to grow ſuds 


denly hard, it retains its tranſparency, the 


particles being as it were fixed in that ſtate 
which is neceſſary to tranſparency, This is 


a phznomenon highly worthy of obſerva- 


tion, which cannot be ſeen in the crucible. 


Terra Ponderoſa. 


| Terra pohderofa, expoſed alone to che 5 
flame, becomes, like calcareous earth, cau- 


ſtic, ſoluble in water, and non-efferveſcent 
in acids. 

In fal ſodæ it efferveſces only a little, but 
is ſenſibly diminiſhed. 

In borax it diſſolves with flight efferveſ« 
cence. 

As alſo in microcoſmic ſalt; but here it 
Se N ſomewhat more violently. 


The phenomena obſerved on nation 8 
with calcareous earth, have place here alſo. 


Magneſia, ignited alone, loſes its aerial 


acid, together with the property of effer- 


veſcing in acids. 


In fal ſodæ it efferveſces a little, but is 


ſcarcely diminiſhed, 


112 Hae = by 
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In borax it diſſolves with a Might effer- 
veſcence. 
As alſo in microcoſmic falt, ou with A 
more violent motion. 
Is 76 | Clay. | 
Common argillaceous earth ent with 
heterogeneous particles, and always con- 
tains a conſiderable . quantity of filiceous 
earth, at leaſt, which generally amounts 
to half; herice; when clay is required pure, 
is in this inſtance, the earth of alum, di- 
geſted in an alkaline lixivium, and well 
waſhed, mult be employed. | 
Expoſed to the flame it grows hard, con- 
tracts its bulk, but does not fuſe. | 
In ſal ſodæ it efferveſces a little, but is 
ſparin gly diſſolved. 
In vorax it diſſolves with remarkable ef- 
ferveſcence. 
In microcbſmic falt a ſtill more violent 
ebullition takes place. 5 a | 


10 2 A : p 
= © Siliceous Earth. | 5 ; 


Alone it is not fuſed. | | 

Sal ſodæ diffolves it with violent effer- 
veſcence ; and if the filiceous earth diſ- 
ſolved exceeds the weight of the flux, it 

yields a pellucid glafs. This, and all the 

othx operations with ſal ſodæ, muſt be per- 
formed in the ſpoon. 

In borax it diſſolves flowly, without any 
ebullition. e 
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In mierocoſinic ſalt very lowly, and 
without efferveſcence. 


$ xvII. Derivative Earths. 


To avoid confuſion from multiplicity, we 
ſhall collect theſe into claſſes, cording to 
their moſt remarkable habits. 


Decrepitating. a 


Spathous mineral fluor. 

Lapis ponderoſus (d). 

Calcareous ſpar. Spathum ponderoſum. 

The decrepitation may be performed with- 
out ſcattering, in a glaſs tube cloſed by the 
finger, and held over the flame. 


Inf fable. 


Pian Pure Aſbeſtos *. Refs 5 
clay “x. Hyacinth. wn ſiliceous 


jaſ 
Fs ponderoſus, 


Pure mica *. 


(4) This is the name given by Mr. Cronſtedt ( $ 209) 
to a foſſile, which he enumerates among the ores of iron, 
and which poſſeſſes a peculiar ſpecific gravity, I have 
attempted the analyſis of this mineral, and have diſco- 
vered in it lime united to a ſpecies of acid hitherto un- 
known ; this acid, if I miſtake not, is the radix of ſome 
metal. There i iS alſo preſent a portion of iron, which is 
indeed but ſeldom wanting in minerals. The ſpecific gra- 
"ay of this acid, and its habitudes with fluxes, and phlo- 
0 flicated alkali, indicate its metallic nature; - but we | 

all elſewhere treat of this matter more at large. 


L644 Quartz, 
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Quartz. 
Ruby. | 
Sapphire. Flint. Steatite *, 
© Topaz. 
Thoſe four marked with a * are indurated 


by ire... 


Tafuſible, chinging, Colour. 


Bolar earths generally grow black 
lime, mixed with aerated magneſia, black; 
lime, blackened by ſubtle bitumen, white. 

Of the gems ſome change or loſe colour; 
theſe are, the cryſolith, topaz, and ſometimes 
the ſapphire. . 

The red and green jaſper __ a whitiſh 
or grey colour. 

W black, and red ſteatite e. white, 


F ufible bew Ebullition ; 


Martial aſbeſtos. Angites (aqua marina“). 
Baſaltes. 08 | 
Chryſolith . 
Mineral fluor. 
Granite. 
Marga. 
Petroſi lex. 
Emerald *. | 
Spathum ponderoſum (this corrodes the 
charcoal, and acquires an hepatic taſte). 
Spathum 8 
Trapp. ... | 
The earths marked with a * do not, but 
with - 
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with great difficulty, thew any diene of 
fuſion. 


Fiußl᷑ with Ebullition. 
Lithomarga. 


Schoerl (e). 


Turmalin. The inflated ſeoria quickly 
rows white, though the ſtone is brown. 
Zeolith. 


Pufible altogether in Sal Sode, 4 wi 
— 


Achates. 


Chalcedony. Cornelian. Cos turcica . 
Mineral fluor *. 


Onyx. Opal. 
Common flint. Spathum ponderofem..” 8 


| Thoſe marked (*) efferveſce but little. 


Divifble with or without F in Sul 
Sode, but not entirely ſoluble. | 


Amianthus. Aſbeſtos, 
Baſaltes. | 


_ Chryſolith * ( H). 


le) I uſe the names ſchoerl and trapp, which are now 
known all through Europe. By baſaltes- 1 underſtand 
larger priſms, . 8 compoſe the Giant's 3 


Staffa, and other columnar mountains. 


(F) The yellowiſh cryſtalline mgtter which fills up 
the r of the = Sibe n iron, exhibits 


eren . ryſolith. | 
Ii 1 | ener. 1 85 
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Garnet *. eta 8 112 
Hornblende. e „ 
T 5 
Lapis ponderoſus. Tithefrön, 1 
Mica. Matrix of the alum of Tolfa, 
Petroſilex. 
Aluminous ſchiſt. Tegular ſchiſt of Hel- 


fin g. Emerald. Spathum pyromachum, 
Stratites. | | 
Talc. Trapp. Trippel. Turmalin. | 


Nor fuſ ble or dro;fible by Sal Soda. 0 
Diamond. „„ I068 oth 
be Hyacinth. ; 1 is 

| Ruby. WEN. 
Sapphire. | * 

. a ht 

| : 1 ror © 

| Selb in ; Borax, avith more or. bfe Er- 


Veſcence. 


"Mineral fluor * | 
Marga. Mica . Ore of Tolfa. 1 525 
Aluminous ſchiſt. Tegular ſchiſt of Hel- 
ſin 5 
3 SE ponderoſum. Schoerl. 4 
Talc. Turmalin. | 
T hoſe marked * efferveſce but little. 


dy 


Soluble in Borax, without Bferveſeence. 


Achates. Diamond. Amianthus. 5 
beſtos. 25 : | 1 ry 1 r 2 x: 
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ches 'Cornelian;: eee Cos 
turcica. FR | 

Garnet. | 

"Hyacinth. Hydrophanous Aliceous "I 
. 
” Lapis. ponderoſus. (The flux grows 125d. 
ly blue; on too much cooling it e 
white and opake). RET tre £: 
Lithomarga. 2 

Onyx. Opal. 

Petroſilex. 

Quartz . | 

. „ ; 

Sapphire. Common flint“. Emerald. 
Steatite. Spathum pyromachum. 
Trapp. Trippet. nne, e 

Zeolith. „ 51259 

Thoſe marked“ require a” gester * 
tity of flux, and longer heat, than ny 72 


Soluble in Microcoſmic Salt, with more of 2 of 
Efferveſcence. | | 


| Baſaltes 0; 
Cos turcica. | 
Mineral fluor *. | 
Lapis ponderoſus.— It e at arſt, ; 

then ſeariely diſſolves: the flux acquires a 
fine blue tinge, without any. mixture of 
redneſs. The colour is diſcharged by 


the exterior flame, or by a ſmall quan- 


tity of nitre, but is reſtored by the interior 


flame ; if the Rt on of earth be large 
it 
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it acquires a pellucid brown colour, not 


_ diſchargeable either by nitre or the flame; 
_ if ſtill larger, it grows black and opake. 


Marga. Mica “. Alumigays': ore of 


Tolfa. 


Aluminous ſchiſt. Tegular ſchiſt of Hel- 
ang *. Schoerl. Spathum ponderoſum. 


. 


Thoſe marked * efferveſce but little. 
Soluble in ; Microcoſmic Salt, without Efer- : 


veſcence. 


Agate. ee Amianthus. Aſ- 
beſtos. SO 8 
Chalcedony *. Cornelian *, Cry.olith® *. 
Granite. a 
Hornblende. Hyacinth. Hydrophanous 

ſiliceous jaſper *. | 
PN. 9 . ö 
Onyx *. Opal * 
Petroſilex. 
Quartz *. 
Ruby. 15 
Sapphire. Common flint. Emerald, Stea- 
N 
Spathum Fe e | 
Talc. Topaz. nr T rippeb.. 
Zeolith. | 
Thoſe marked: * are more aifficultly. 
diſſolved than the reſt, and ſcarce ſenſibly, * 


y „„ 


. 


Ann ITS U8t © | ae” 


In general it is to be obſerved, 1ſt, that 
when the efferveſcence is to be examined, 
only. a very ' ſmall piece of the matter is to 
- be added to the flux, as the moſt ſubtile 
8 contains air, which, being expelled 

y the heat, forms the appearance of effer- 
veſcence. 2d, That the ſolution is often 
accelerated by lime, ſpathum ponderoſum, 
gypſum, and other additaments, both in bo- 
rax and microcoſmic ſalt. zd, That gyp- 

ſum alone is ſometimes an excellent and 
very uſeful flux. This ſalt, with an equal 

ortion of fluor mineral, is eaſily reduced to 
a pellucid globule, which yet, upon cool- 
ing, grows white and opake. The ſpathum 
ponderoſum alſo unites with mineral fluor, 
| but the maſs does not become pellucid, 


5 xVIII. Different Species of inflammable 
i \SuOfrances. = SS 


The whole theory of inflammation” de- 
pends upon that ſubtile principle which 
goes by the name of phlogiſton ; but this, 
fo far as is yet known, can never be colleced®. 
pure and alone, but always requires a ſuit _ 
able baſe, to which it muſt be connected, 
in order to become manageable. Scarce any _ 
body exiſts entirely deſtitute of it, but a a 


certain accumulation of it is neceſſary for 


deflagration; this accumulation takes place 
in ſpirit of wine, in oils, in ſulphur, in 
dh „„ Zinc, 
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zinc, arſenic, and perhaps in tin. It is alſo 
neceſſary that its connection ſhall be ſo looſe, 
that the circumambient pure air AF Shs, 
ſolve the union. 
The dry inflammable N EE 
alone are here to be conſidered, are of two 
kinds; viz. either coagulated and indurated 
E ous, which are commonly called bitumens, 
or an acid faturated with phlogiſton, ſuch 
as ſulphur. Some of the bitumens are pure, 
ſuch as aſphaltus, ambergris, and amber ; 
others reſiding in a copious earthy baſe : 
hence we have mountain pitch, bituminous 
ſchiſts, and lithanthraces. 

Vitriolic ſulphur is {ſeldom found alone: 
it readily unites with other matters, eſpe- 
cially metals ; and hence-reſult wn PII: | | 
tions, which belong the more expreſsly to 
metals, as it is certain that they are very 
ſeldom inflammablc. . | | 
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8 XIx. Habitudes of eme, 5 22 in 
"tbe Fire- 


Mloſt of the inflammable 1 W 
expoſed to the apex of the flame, begin to 
liquefy, unleſs entangled in much earth, | 
which yet does not always prevent their 
inflammation : when they are once inflamed 
let the blaſt be ſtopped until they have 
burned away, either alone or with a flux; 
and the reſiduum, if 5 be examined af- 
terwards by the ne. 


Ambergris 
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AND ITS USE. 493 
Ambergris burns with a white odorife- 5 
rous and ſmoky flame; when very pure it 
is totally conſumed by degrees, but when 
impure it is extinguiſhed, leaving behind 
a black maſs, which ſoon grows white by 
ignition, and conſiſts partly of a calcareous | 
Puder. 5 
Tranſparent Aber exhibits almoſt the 
ſame habits, but by heat in the ſpoon it 
vaniſhes totally; ſo that this way we can 
hardly form any judgment concerning à re- 
fiduum, which yet is eaſily obtained, from 
2 amber. bp 
Pure aſphaltus burns with a ſmoke, andiis 8 
totally conſumed, without any reſiduum. 
Mountain pitch leaves ES 
ſhining and brittle. © | 
Bituminous ſchiſt and lichanthraces,: bet 
fides their matrix, leave an oily coal, or 
even ſpongy ſcoriæ, if the reſiduum li- 
quefies at all. 
Common ſulphur readily fuſes alone, and 
grows red; it takes fire, and is conſumed 
with a blue flame, and a moſt Pee 
ſuffocating odour. | 
Molybdzna contains a. portion of come. 
mon ſulphur united to a peculiar (g) acid. 
This does not take fire, and upon the char- 
coal ſuffers little change; but, expoſed to the 
flame in the ſpoon, it dopant a white ſmoke 


| 00 M Bebe AQ BRAY Foray 1777. 
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494 or THE BLOW- PIBF, 
in the direction of the blaſt ; this ſmoke, 


by the contact of the interior cone, grows 


s tha but loſes its colour by the exterior 


cone: it is ſcarcely changed by borax and 
microcoſmic ſalt, but diſſolves in fal ſodæ 


with violent efferveſcence; on fuſion it 
rows red and tranſparent; on cooling, di- 


lutely red and opake, and has an hepatic 
ſmell. 


Plumbago, another 0 pecies of ſulphur, 
contains aerial acid loaded with phlogif⸗ 
ton (b) ; on burning it ſmokes, but the 


ſmoke is only ſeen at the inſtant the flame 


ceaſes. It differs from molybdæna in this, 
that it depoſits no white powder, and parti- 
cularly in not being taken up by ſal odz ; 
it is not changed by borax or microcoſmic 
ſalt. 

The ores which are called inflammable, | 
take fire difficultly ; ſome of them are 
ſcarcely changed, others are conſumed or 
fly off, leaving the metallic calx. behind. 

In general the fluxes are tinged by phlo- 
giſton ; but unleſs this volatile principle be 
fixed by ſome metallic calx, the tinge is 
oy e * burning. 


0) N. 8 AR Stockholm, 1775. 
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g xx. Different Forms under which Metals 
- | appear. N 


b } 
The metals are diſtinguiſhable from all 
other ſubſtances by their peculiar ſplendor _ 

and ſuperior ſpecific gravity : they occur in 
the boſom of the earth in three different 
ſtates, either altogether in a metallic form, 
in which caſe they are called native; or 
ſimply deprived of phlogiſton, and reſem- 
bling earths, when they are denominated 
calciform; or, finally, diſſolved by fulphur or 
acids, on which occaſion they take the ap- 
pellation of mineralized.” Each of theſe 
forms ſhall be ſeparately conſidered, 


S xx1. Various Habits of Metals in the Fire. 


The metals expoſed to the flame do not. 
all ſhew the ſame habits. 

Ihe perfect metals do not, even in the 
moſt intenſe heat, loſe a ſenfible quantity 
of their phlogiſton ; and when calcined in 
theh — way recover their former nature 
ſimply by fuſion. 5 | 
The imperfe& metals are calcined by fire, 
eſpecially by the exterior flame, and then, in 
order to being reduced, indiſpenſably require 
the contact of a phlogiſtic ſubſtance. 


With reſpect to fuſibility, mercury forme 


one extreme, as it fuſes in the ordinary 
„„ EO Eon, 
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temperature of the atmoſphere, it cannot 


therefore be hardened but by artificial cold, 
and is always in fuſion, always fluid; the 


reſt follow in this order: tin, biſmuth, lend 


Leine, antimony, filver, gold, arſenic, cobalt, 


nickel, iron, manganeſe, and finally platina, 
which forms the other extreme, as it ſcarce- 
ly fuſes. but in the focus of a burning mit- 
ror ; all theſe, the two laſt excepted, yield 
to the blow-pipe without any additament. 


Forged iron indeed is not melted without 
difficulty, but fuſed iron perfectly. 


With reſpect to fixity, ſome fly off al- 


together, others. are putly and lowly re- 
ſolved into ſmoke. 


Metals in fuſion affect a globular fm 
and therefore eaſily roll off the charcoal, 
eſpecially if they are of the ſize of a grain 
of pepper ; therefore, either ſmaller Pieces 


ſhould be uſed, or they thould be placed in 


excavations de 5 in the ſurface of the char- 


coal. On firſt fuſing they aſſume a poliſned 
ſurface, an appearance which the perfect 
metals always retain: but the imperfect are 


ſoon obſcured by a calcined pellicle; for 


the ſurrounding air attracts the phlogiſton 
with great avidity, eſpecially when affiſted 
by heat, which yet alone is not able to ex- 
ts that principle. 

The colours communicated to the calxes 


1 by. fire vary. 


Some of the calxes eaſily recover their 
metallic form n by TY to flame 


upon 


* <A HD 11 us k. 9 © 000 


1 wah! the charcoal; others are reduced in 
this way with difficulty; and ſome-not at all. 


The reduced calxes of the volatile metals 1 


imm dss fly off. 


In the ſpoon they exhibit nitrous pate, 
but it is very difficult to prevent them from 


being Pa ay: ho by the oo 


With F "OE: 


The nds; are taken up by tie FN 
but as ſal ſodæ yields an opake e we 


neglect it. 


SGlobules of borax, upon the addition 
of any metallic calx, diſſolve and fuſe it, 
and, unleſs too much loaded, appear co- 
loured and pellucid. A piece of metal-cal- - 
cined .in' the flux produces the lame n 


but more flowly: 


A portion of the calx generally recovers 
its metallic form, and floats upon the ſur- + 
face, like one or more excreſcence. 

In proportion as the globule is more 
loaded; it more readily ſpreads upon the 


charcoal, and at length cannot be formed 
into a globule; for the metallic additament 


increaſes the attraction for phlogiſton. ' > + 
The calxes of the perfect metals are re- 
| duced by borax in the ſpoon, and adhere to it 


at the point of contact, and there only. 


The microcofmic falt acts like borax, but 
| a not reduce the metals; it attacks them 
more powerfully on account of its acid na- 
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ture ; at the ame time it preſerves the ſpha- 


rica form, and is eonſequently adapted in a 


peculiar manner for the examination | of 


| metals. 


The tinge: ended to dhe Har fre- 
quently yaries, being different in the fuſed 
and the cooled Shue. and that in a 
double and altogether different manner ; for 
ſome of the diſſolved calxes, while fuſed, 
ſhew no colour, but acquire one on cooling; | 
others, in the ſtate of fluidity, have a much 
more intenſe colour. If too great a concen- 
tration of colour injures the tranſparency, 
the globule, on compreſting it with the for- 


ceps, or drawing it out into a thread, will 


exhibit a thin and tranſparent maſs; but if 


the opacity ariſes. from ſuperſaturation, this 
- artifice will not ſerve, but more flux muſt 


be added. No metal, unleſs calcined, com- 
municates a tinge. As the fluxes attract the 
metals with unequal en, theſe laſt pre- 
\Fipitare: one another. 

Metals, mineralized by ack; poſſeſs the 
properties of metallic alte; and thoſe load- 
ed with aerial acid that of calxes, as this 
ſubtile menſtruum is eaſily expelled with - 
out any efferveſcence; but when loaded with 
ſulphur they poſſeſs: properties of a peculiar 
kind. They may be fuſed, nay calcined, 
upon the charcoal, as alſo ere or well- 
gilded filver ſpeon. The volatile are diſ- 

tinguiſhable by the ſmell or ſmoke, the 
| kad reſidua, _ the Pen reduced or pre- 
cipitated 


* 


cipitated upon iron, or from the tinge of the 
fluxes. We thall now examine the more 
fimple caſes, and treat of the more complex 


8 XXII. Gold in a reguline State. 


Reguline gold fuſes upon the charcoal, 
and is the only one which remains un- 
, 1 
That gold may be deprived of its phlo- 
giſton in the humid way, has been already 
ſhewn ; this calx may be reduced by fire 
alone (S xx1.); but that this calcination may 
alſo be effected by fire is ſeen from the ruby - 
coloured glaſs, which may be made, even by 
the blow - pipe, in the following way 
To a globule of microcoſmic ſalt let there 
be added a ſmall piece of ſolid gold, of gold 
leaf, of purple mineral, or (which is beſt) of 
the . ſalt formed by a ſolution of 
gold in aqua regia in which ſea- ſalt is oontain- 
ed; let this be again fuſed, and added, while 
yet ſoft, to turpeth mineral, which immedi- 
ately grows red on the warm contact. The 
fuſion being afterwards repeated, a vehement 
efferveſcence ariſes ; when this is conſiderably 
diminiſhed let the blaſt be ſtopped for a few 


00) Sciagrapbia Regni Minerals. 
| K k 2 moments, 
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moments, again begun, and ſo continued, unti} 


al moſt all the bubbles diſappear. After this 


ſometimes the ſphærule, on cooling, aſſumes 
i ruby colour; but if this does not happen, 
let it be juſt made ſoft by the exterior flame, 
and upon hardening this tinge generally ap- 
pears. If the proceſs ſhould fail at firſt, 


owing to minute circumſtances which cannot 


be deſcribed, it will ſucceed on the ſecond 
or third trial. 'The-ruby-coloured globule, 
if compreſſed by the forceps while ſoft, often 
becomes blue; by ſudden fuſion it general - 
ly aſſumes an opal colour, which by re- 
fraction appears blue; by reffection, a brown 
red: but if further urged by the fire it 
loſes all colour, and appears like water; yet 
the redneſs may be re- produced ſeveral times, 
the addition of turpeth mineral. 
In the ſame way the flux is reddened by 
calx of tin, in the place of the turpeth; but 
it has a yellowiſh hue, and, beſides, more 
eaſily contracts opacity. The redneſs com- 
municated by-turpeth mineral is of a purple 
. fort, altogether like that of a ruby. 
Bghorax produces the fame ohenamens, but | 
more rarely. It muſt-alſo be obſerved, that 
the ſlighteſt variation in the management of 
the fires often makes this experiment fail. 
As the ruby colour may alſo be produced 
by copper (S xxv11.), a doubt may ariſe, 
Whether it be the gold, or the remains of the 
copper (which cannot be completely ſepa- 
rated either by t or nitre) . 
| | this 
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this caſe produces the red colour: but it is 
not improbable that both metals may occa- 
ſion the ſame colour; 1 1 is 
often found to contain Sold. 


| Mineraliz Sed Gold. FE 4 25 


Sold cannot be directly anited wil ful 

POE but by means of iron, which attracts 
oth ſtrongly, they are ſometimes. found 

united into a golden pyrites ; but as the 

quantity of gold is very ſmall, a viſible 

globule can ſcarcely be extracted by fuſion 
and ſcorification by the blow-pips. 

I have as yet had an opportunity of ex- 
amining the ore of Nagyay only imperfect- 
ly :—upor: the charcoal it ſmokes a little, 
liquefies, and finally i a white globule, 
*bright like filyer, and malleable ;—a yellow 
"cloud is obſerved about it. Barax takes it | 
up without efferveſcence or tinge ; but mi- 
crocoſmic ſalt, with efferyeſcence, and of a 
browniſh red; but by long fuſion the tinge 
is diſcharged, and cannot be brought back, 
either by the exterior flame or nitre. A me- 
4allic globule. like * former floats in * 
flux. | 


8 XXIII. Platina. | 


Native grains of Pati do not at all yield 15 
to our fire, either alone or mixed with fluxes, 
which yet it often tinges of a green colour; 

* k I; | but 
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but platina, precipitated from aqua regia by C 


vegetable or volatile alkali, ' is reduced b7 


microcoſmic falt to a ſmall malleable glo- 
bule; ſeven or eight of theſe, flattened by - 
the hammer, I have been able to bring to- 
gether to a malleable maſs; but more only 

ielded a brittle one, Platina ſcarcely loſes 
all its iron, unleſs reduced to very thin fu- 
fioh ; hence it cafily appears how difficult 
the depuration of a large maſs maſt be. 


Reguline filver eafily liquefies, and reſiſts 
calcination. _ 5 54 ro | 
_ _ Silver-leaf, faſtened to a thin glaſs by 

means of the breath, or a ſolution of botax, 
may eaſily be fixed on it by the flame, and, 
what is remarkable, TY. the glaſs it ap- 
pears of a gold colour; but care muft 
taken not to crack the glas. 


©. Calcined Silver, 
Calcined filver, precipitated from nitrous 


acid by fixed alkali, is eaſily reduced. 


The microcoſmic falt diſſolves it quickly 

and copiouſly, but upon cooling it grows 

opaque, of a whitiſh yellow, which is alſo 
ſometimes the caſe with leaf-filver ; if cop- 
per be preſent it. is diſcovered by a green 
colour, and ſometimes by a ruby tinge, un- 


leſs 


leſs we 3 A to i * to noble 


The globules can fcarcely be got pellucid, - 
except the quantity of calx be very ſmall, 


but with bing a longer fuſion f 18 neceſſary. 
to obtain an opacity. 


The globule loaded with | Adee Given}. 


22 fuſion in the ſpoon, covers a piece of 


opper added to it with ſilver, and becomes 
itſelf of a pellucid green; antimony ſpeedi- 
ly takes away the milky opacity of diſſolved 


luna cornea, and ſeparates the ſilver in diſ- 
tinct grains. Cobalt, and molt of the other 


metals, alſo. precipitate ſilver in the fame 
way as by the humid method; i. e. a double 
elective attraction takes place. The metal to 
be diſſolved remains untouched fo long as it 
retains all its phlogiſton; but is taken up 


vhen a ſufficient quantity of that principle 


has W to the e and reduced it. 


Mine 


Mineralized Situer. 


Silver, mineralized by marine/and vitriolic 
acid, yields a natural luna cornea, which 
upon the charcoal produces a number of 


ſmall metallic globules: it diffolves in mi- 
crocoſmic ſalt, and renders it opake : it is 


reduced, at leaſt pattially, by borax. 

IN Sulphurated filver (the Aut ore of ſil- 
ver) fuſed upon the charcoal, eaſily parts 
with the mineralizing ſubſtance ; ſo that a 
poliſhed globule is often produced, which, 


If n may rs TI 10 borax : the : 


K 4 e 


— 
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filyer may alſo be precipitated by the add. 


tion of copper, iron, or manganeſe. VET as 
If arſenic be alſo preſent: (as in the tad 
ore of ſilver) it muſt be firſt freed from the 


' ſulphur by gentle roaſting ; and finally en- 


tirely depurated wy borax : it Os waa at 


firſt. 


Copper, together Weh ſul hos and ee 
mixed with filver (the white ore of filver) 
yields a regulus containing the fame alloy. 

Lead, loaded with ſulphur and filver 


| (galena) is to be freed in the fame way from 


the ſulphur, after which the lead is gra- 
dually diſſipated by alternately fuſing and 
cooling, or is ſeparated in a cupel from the 
filver, by means of flame. In galena I have 
not yet been able to precipitate the ſilver 
diſtinct from the lead, but the whole maſs 
becomes malleable : the ſame is true of tin, 


but ** mals | is more bende 


85 rv. Mercury. 


Pure mercury upon the e flies off 
by a moderate heat, the fixed heterogeneous 


matters (if any there be) remaining behind. 


When calcined it. is ealily reduced and 
diflipated : the fluxes take it up with .effer- 


yeſcence, but it is ſoon all-driven off, 


T have never yet had an opportunity of 
examining mercury, naturally mineralized 
bY, acids, but this is nee volatile, 


When 


OT. r 5-5 ST. = N "3 
AND IT'S VSE. 9 | 


When loaded with ſulphur it liquefies upon 


the charcoal, ſhews a blue flame, ſmokes; . 


and gradually diſappears; but if cinnabar be 
expoſed to the blowapipe upon poliſhed cop- 
per, the mercurial Fee, are fixed W 
| ArOR n . 


8 xxv. "Lead, reguline and calcined.” 


As the i imper rfect metals are eaſily 1 — 
ed, we ſhall conſider, lead under the two 
forms, v. reguline and calcined. | 
Lead readily fuſes, and continues 197 ſome 
time to retain. à metallic ſplendor; by a 
more intenſe heat it boils and ſmokes; hence 
a yellow circle is formed upon the charcoal. 
It communicates a ſcarce viſible yellow co- 
lour to fluxes; and when the quantity is 
large, the globule, on cooling, contracts a 


white opacity more or leſs perfect: 7 — | 


diſſolved it is not precipitated by copper. 


The metals do not precipitate it from ſul- | 


phur in the ſame order as from acids. 

Lead united to aerial acid, on the firſt. 
touch of the flame grows red; when the 

heat is encreaſed it flows, and is reduced to 
numberleſs minute globules. When united 
with phoſphoric acid it fuſes, and yields an 
opaque globule, but is not reduced. With 
fluxes 1 it ſhews the fame habits as calx of A. 


1 | Mineralized Lead. 3 
Sul phi ed lead 46 N cakily liqueſie, 


and, 


9 


„ may be diſcovered. B 


and, being gradually deprived of the volatile 


part, yields a diſtinct regulus, unleſs, too 
much loaded with iron. It may be preci- 


pitated by Non and copper. 


$ XXVI, Topper, reguline and calcined. © 
| 5 N a 0 : WAG 1 2 ; 
A {mal{Fpiecce of copper, either folid or 


foliated, ſametimes communicates a ruby co- 


' Jour to fluxes, eſpecially when affiſted by 


tin or tufpeth mineral (F x11:) : if the 
copper be'a little more or a little further cal- 
cined, it produces a green pellucid globule, 
the tinge of which grows weaker by cool- 


ing, and even verges to a blue. By long 


fuſion with borax on the charcoal (but 
hardly if the ſpoon) all the colour is at 


length deſtroyed, and can ſcarcely be re- pro- 
duuced by nitre, but this colour remains 
fixed with microcoſmic falt. If the calx, or 
metal to be calcined, during fuſion is added 


in conſiderable quantity, upon cooling it 
acquires an opake red, although, while 
fuſed, it is pellucid and green; by a ftill 


larger quantity it contracts opacity, even 
_ while in fuſion, and upon cooling a metal- 
lic ſplendor. - Veſtiges of copper, ſo faint ' 


as ſcarcely to tinge the flux, precipitate a 


_ viſible pellicle upon a piece of poliſhed iron 


added to it during ſtrong fuſion, and the 
globule in its turn takes the colour of iron: 


in this way the ſmalleſt portions of copper 
FLY The . 


* 
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The globule made green by copper, 
fuſed in the ſpoon with x fall piece of 
tin, until the colour is diſcharged, yields a 
ſphærule of tin, mixed with copper, very 
hard and brittle: in this cafe th 157 


he precipi- 
tated metal pervades the Whole of 1 e 


and does not adhere to the ſurface. 

Cobalt precipitates the calx of copper, 
diſſolved in the ſpoon by flux, in a metallic 
form, and imparts its own colour to glaſs, 
which nickel cannot do. Zinc alſo preci- 
pitates it ſeparately, and rarely upon its 
own ſurface, as its fuſion can ſcarcely be 
avoided. ages 


Mineralized Copper, | 


Copper loaded with aerial acid, at the firſt 
touch of the flame grows black, and fuſes 
in the ſpoon: on the charcoal the lower 
part, which touches the ignited ſupport, is 
reduced. 1 e 

When loaded with a ſuperabundance of 
marine acid it tinges the flame (S xtv.) ; 
but with a ſmall quantity it ſhews in that 
way no appearance of the metal. Thus the 

beautiful cryſtals of Saxony, which are cubic 
and of a deep green, do not tinge the flame; 
they impart to microcoſmic ſalt a pellucid 

greenneſs, I could not obtain with that falt 
an opaque redneſs, although this colour is 
 eafily produced in a globule of borax, _ 

Copper ſimply ſulphurated (aſhen ore of 
copper) when cautiouſly and gently roaſted 


by 


——— —— — — pany 
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by the exterior flame, finally by fuſion yields ee 


a regulus ſurrounded by a ſulphurated cruſt ; 


the mals, roaſted with borax, ſeparates the 
f regulus more quickly. 


e iron is preſent, but in ſmall quan- 
iece to be examined muſt be firſt 

avs Bog "ha et it then be diſſolved in borax, 
and tin added to precipitate the copper. 
The regulus may alſo be obtained by ſuffi- 
cient calcination and fuſion, even without a 
precipitant, unleſs the ore be very poor. 
When pyrites contain copper, though leſs 


than 0,01 of their weight, yet its preſence 
may be detected by theſe experiments in 


ſmall : let a grain, the ſize of a flax ſeed, be 
roaſted, but not ſo much as to expel all the 
fulphur ; let it be then well diſſolved by 


borax, a poliſhed rod of iron added, and the 


fuſion continued until the ſurface, when 


_- Cooled, loſes all ſplendor. So much borax 
18 required a8 "will be ſufficient to make the 
whole of the ſize of a grain of hemp-ſeed. 


Slowneſs of fuſion is injurious, and by too 


great tenuity the precipitation is retarded. ; 
this may be. corrected by the addition of a 
little lime: too much calcination is incon- 
venient, for by this the globule forms flow- 
ly, is ſomewhat ſpread, becomes knotty when 
warm, corrodes the charcoal, deſtroys the 
iron, and the copper does not precipitate 


diſtinctly — this defect is . by A 


| {mall e of the crude ore. 


* 


1 When 
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When the globule i 1s properly fuſed, as di- 
rected, immediately upon ſtopping the flame 


let it a thrown into cold water, in order to 
break ſuddenly: if the cupreous content be 
leſs than 0,01, one end of the wire only 


is covered with copper, which otherwiſe | 


would be entirely covered. 4 3 
The celebrated Gahn, Who has . 


copper ores with peculiar accuracy, has ano- 


ther method of diſcovering the ſmaller traces' 
of that metal; namely, a grain of the ore, 


well freed from ſulphur by calcination; is 


expoſed to the action of the flame, driven 
ſuddenly upon it, per vices; and at theſe in- 


ſtants a cupreous ſplendor appears upon the 


ſurface, which otherwiſe is black; and this 
ſplendor is the more quickly produced, in 
proportion as the ore is poorer. 

Cupreous pyrites on dae tinges the 
flame Swen. 5 l 
; | : 1 . „ 1 e 

| $ XXYL II, Tron, reguline a calcined. Fe 


$ Forged iron is calcined, but can ſcarcely 
be fuſed, and when fuſed liqueſies. 


Forged iron cannot be fuſed by borax ; it 


fuſes in microcoſmic ſalt, but is rendered 
brittle. 
_ Calcined iron, by beating on the charcoal, 
becomes magnetic—in the ſpoon it fuſes.” 
The fluxes grow green with this metal; 


but in n proporton a as the PRIDE is more 
R denen | 
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becomes black and . 


ſeoriæ, neither by 
does it exhibit a regulus ; ;—0N roaſting it 
ou red. 


| Fields A browniſh * globule, which 
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deficient they grow more of a browniſh 11 


Io: on cooling the tinge is much weaken- 
ed; nay, when originally weak, entirely va- 


niſhes. By too much ſaturation the A 


The folphureous pyrite y be collected 
into. a globule by when, 1 is firſt ſur- 


- rounded by a blue flame; rue as the me- 


tal is eaſily calcined, and changes into black 
itſelf, nor with fluxes, 


ag" XXVII. Tin, reguline and calcined. 


Tin eaſily liqueſies, and is calcined. 
The fluxes diſſolve the calx ſparingly ; 
and, when faturated, contract a milky opa- 
city. Some flight veſtiges of this metal, 
diſſolved in any flux, 1 be er 8 
cipitated upon iron. 

Cryſtallized ore of tin, urged by fire upon 


the en. n its * reduced. 


* 
4 


5 xxix. B math, reguline and ie. 
- Biſmuth has nearly the ſame habits as 


lead ; the calx is reduced upon the coal, 
| it is A 5 in the ſpoon. 57 


The calx, diſſolved in microcoſmic ſalt, 


grows 
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| grows more pale upon cooling, at the fame 
time loſing ſome ef its tranſparency : by 
too much calx a perfect N 18 "ww 3 
duced. 5 I'S 
A ſimilar maſs is obtatne® wich boek in 
the ſpoon; but on the eval a grey one, 
which can ſcarcely be freed from bubbles. 
On fuſion, the glaſs ſmokes, and forms a 


cloud about it. 


Bifmuth is eaſily e by copper 


at iron. 


1 2 wk 2ed e 


Sulphurated biſmuth is eaſily fuſed, ex- 
hibiting a blue flame and a ſulphureous 
ſmell. Cobalt, when added, by means of 
the ſulphur, enters the-globule ; but the 
ſcoria ſoon ſwells into diſtin partitions, 


which, further urged by fire, exſudes om 
| bules of bifmuth. 43 


Sulphurated biſmuth, by the addition of | 
borax, may be ! + ES by won 2 
or 5 228 2 


K xxx. Nickel, regulne ny line 4 


The regulus of nickel fuſed is indeed 


calcined, but more flowly than other me- 
tals. 


The . imparts to fluxes an n byacinthine 
colour, which -on 8 grows. yellow, 
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and by long- continued fire may be deſhoyat 
ed; if Fig calx of nickel is contaminated by 


ochre of iron, the latter is. firſt difſolveds # 


Nickel diſſolved is precipitated on iron, 
nay on copper —an evident proof that it does 


not originate from either of theſe metals. 


e i. 41 * f 
*35 122 BUD Shaw Et yd 34 VIE E 


vi: 1 Minerelited Wicks. 15 Sy wy * 5 
[Sulphurated nickel is no — found 
without iron and arſenic: the regulus is 
obtained by roaſting; and fuſing with borax, 
though it ſtill remains mixed With, . 
er metals. N A cee 1:48 
un $07 an minen. 8 
Fg 531 f 2 (141.4) 3 Jr 243 122 14 
8 XXX1 . fut, regulne and caloned, 4 
Regulus of arſrnic kindles- bh: 3 
heat, and not only depoſits a White ſmoke 


on the charcoal, but diffuſes the ſame co- 
Piouſly all around. The calx ſmokes with a 


garlic odour, but cannot burn. 
By a proper quantity the fluxes grow yelia 
low, without opacity ; and by a long-conti-: 
nued fire the volatile additament is diſpelled. 
Iron and copper precipitate this ſemi-metal 
under a metallic form, which (mand 18 not 
able to do.. / ; 
Yellow arſenic li Got; Kaas nf to- ä 


5 totally flies off : e heated by the ex- 


terior flame, ſo as neither to liquefy nor 
N it grows ri * _ ans sf N cool 
. ; ig. 
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ing; yellow; if it only begins to fuſe, it 
F e ae a 2 —_—_ which remains after 


fies more * and 


cooling 
* beſides roll fy air 


1 19 4 * 
459 4 "8 


"Si, XXXULs- Cobalt, 3 and euloined, 


The regulus of cobalt fuſes, and may, 


tly be depurated by borax, for the iron 


is firſt calcined and — up. The ſmall- 
eſt portion of the calx tinges the flux of a 
deep blue, which yet, when ſeen. by refrac- 


tion, appears violet: this colour is very 


pertinacious in the fire; Cobalt is precipi- 
tated upon iron from the blue globule, but 


not upon copper . 


When calx of iron is e DFT that of 
cobalt 1 in a _ the SMart is Ae . 


ehe bunt Gaal. 0 


ö Cobalt, 3 in fuſion, takes up 1 — one third 
of its own weight of ſulphur, but then aſ- 
ſumes ſo refractory a nature, that it can 
ſcarcely be fuſed... Iron, copper, and ſeveral 


other metals, precipitate cobalt. 


The common ore, by roaſting * 7 ng Rs 


yields a regulus, though an impure one. 


The green cobalt, Which I have hitherto | 
examined, tinges the microcoſmic ſalt in- 


deed of a blue, but at the ſame time ſhews 
red ſpots indicating 7 0 


Vor. II. * XXX111, 
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314 or rar Loder, 
. 990i bas Slot Anglia to I (Lo 
byols *s gif Ho geb. 229] 10 eln ↄcas fl ay 
4491 XXII. Ainc, reguline and calcined. 
. , doidw gtods yd bog o xine on oved 
Fuſęed zine takes fire, ſending forth a la- 
nuginous white calx, which ſoon extin- 
nes the beautiful bluiſn green flame; 
ut if the reguline nucleus, :ncluded 3 in this 

Januginons matter, be urged by the fire, it is 
jaflamed nom and then, but flies about. and 

a8 it were explodes. 

De When added to borax, it excites a pu- 
meſcence, and at firſt: tinges the flame ait 
continually diminiſhes, and the flux ſpreads 
upon the charcoal: but in fuſed — 
mic ſalt it not only occaſions ſpumeſcerice, 
but ſends forth ſeveral flaſhes, with a crack 

ling noiſe! By: too great heat it explodes, 
ſending forth ignited particles. 
The white calx, expoſed to the flame on 
the chareoal, puts on à yellowiſnh ſplendor, 
which, kan! the flame ceaſes, vaniſhes it 
remains fixed and refractory. The fluxes are 
ſcarely tinged; but when ſaturated by fuſion, 
on cooling grow opake and white. Around 
the globules clouds appear, which are of a 

- nature ſimilar to that of the metallic calx. 
Diſſolved zinc is not precipitated by any 

ther metal. pil Faomizae bu 
al Phat Zine which'contains aber acid has 
Ae ſame propetties as calcined zin. 
In the pſeudo galenæ fulphur is preſent by 
uy FF iron. TE 7 in general (upon the 
| charcoal) 


%. 


* Anon 0 E. J- 5715 


charcoal) ſmell of ſulphur, fuſe, and tinge 
the flame more or leſs, depoſiting a cloud 


all around. The fluxes diſſolve; thoſe-which | 
have no matrix are tinged. by thoſe. which 


contain iron, and b 5 uf uration aequiſt a 
0 


white opacity; whi 


diana 1 1 385 272 zuck 
200 3 81 
en IV. | Antti imony, , regulne and caleined. 


a 690143 N 11 


Regulus of antimony, | fafeiands ignited : 


upon the charcoal, affords — 0 


for if the blaſt of air be ſuddenly ſtopped, 
2 white ſmoke riſes copiouſly and perpendi« 
cularly, while in the mean time the inferior 


part round the globule is condenſed into 


cryſtalline ſpiculæ, analogous to thoſe which 


are commonly called argentine flowers... 
The calx tinges fluxes of am hyacinthine 
colomir but on- fuſion ſmokes, and is cafily 
diffipated, eſpecially on the charcoal; yet t 


alſo there depoſits a cloud. ben iar 
The diſſolved metal may be precipitated by 


iron and enn 1 by gold ſoon no 
[; 1 It £3.31 FE e188 F011 251 4012 asludolg ot 
 Mineralized Ati e 0 8 "i 
TEE Ju DOVIOTNI 
Rr antimony liquefics upon the 


coal, ſpreads, ſmokes, penetrates ite, am in 


concluſion diſappears nota y GXQcpti® ring 
WORN leaves e > obuota rn 
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verges to brown ort 
black, cer e to. the: GET e | 
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{3:69 1 fo ; V5 TISNIGN: 


Anett Wa * 
YT KRxxv. Maungontſs line aud calliued. 5 
15 1 Fe iim 


19 af 
The fegulus of manganoſe ſearcely yields: 
to the flame; ſer a ſmall particle is eafilyr 
calcined; and a — one nen de made 
ſufficiently Hot. 
The black calx imparts a ; bluiſh red co 
lout to the fluxes ;-the tinge of borax,-unileſs 
well faturated, is more yellow. The co- 
| lour may be gradually altogether deſtroyed by: 
the interior flame, and again re- pi by 
+ mall partiele of nitre, or the exterior ſame 
| alone; theſe changes may be alternated ad D 
kbitum;— The cauſe: of this is elſewhere ex | 


10 12 0 131 Bos 28. —— 


pee” 6 93 impact and rd 
Wben loaded with zeal 10d is of 4 
white colour, which by ignitio is ſdom 


changed to a black. n — this 
8 * ke black 
jailed rtf 220: 


£13073 ni Din 2 FO enn = 


"xxx my ene Wel, 
Wu. 7636 BON 0 Fe 2 =p 49 _ 


From wr has been aid I think it ap- 
c that the blow- pipe is an inſtrument 
extremely uſeful, nay. neceſſary, to chemiſts; 

r many experiments are daily neglected, 
If, Becauſe they require Nee and a 
hr ge apparatus of veſſels; —yet muy of theſe 
> 'cafily be performed by meaps 'of the 
Apparat us above deſcribed x 24; From the 


Want of f time neceſſary for examining i in the 
2 ik ordinary | 


ANA Were 87. 


e way; — whereas the experiments 
—— 98 8 in ar fe 
minutes: 3d, The uſual method of exa- 
mination DS a eertain;-quantity. af the 
matter to be examined, which preveats, the 
examination: of ſuch: as ate | ſearce. or, 
but in our way the ſmaalleſt mn is io, 
ficient: Ain 2 271 N 2 2 Ned * 41 


However, the eee e mow: 


ſeribed, though of great weight, are attend», 


ed with this defect, that they do not MERE 


mine the proportions, or at leaſt point them 


out but very inaccurately, and es are 


not to be preferred to the larger trials, unleſs 


when time or other circumſtances. prevent 


them. But the firſt enquiry to be made is, 


what a ſubſtance contains, not how. much: 
and I have learned, by the experience gf many 


years, that theſe trials in ſmall; ſuggeſt. the 
proper method of inſtituting, experiments at 


large. Theſe experiments have beſides ſome 
advantages over thoſe conducted in cruci- 
bles, viz. we gan ſee all the phænomena 
from beginning to end, which wonderfully 
illuſtrates the ſeries. of operations, and their 
cauſes (F XxXxI. XXX,-=XXXV.)- Experiments 


made in crucibles are often fallacious, as the 


ſubſtance of the veſſel itſelf is corroded. 
—We ſuppoſe that lime or magneſia, melted 
with xd alkali, are united with it in the 
way of ſolution; but the globule, when 


well fuſed i in the ſpoon, by its tranſpareacy 


8 0 us plainly to ſee that, except the 


510 filiceous | 
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ſiliceous part, it is only mechanically mixed 
_(hxv1.). The moſt intenſe degree — heat 
may in this way be obtained in a feu mi- 
nutes, which is ſcarcely obtained in many Ry 
hours in a crucible (F XIII. xx111.). . | 


This may be ſufficient for the commen.- 
dation of the blow-pipe;—thoſe who uſe it 
-will gradually diſcover more of i its N 


„ 


END or THE SECOND VOLUME, 


r HT 10 81x. 


boxim yilsainedoora Ino ei 21 189 noi 
58 10 gab slneini Hom 2D {vx 3) 


im Wel £ ni bogissdo 5d New 2113 ai ve 


Nasa ni bogissdo VISO ei Hoi 2908 


iin Ii 9 ale! 2073 E Nt 27 ipod 


-aommon od 201 ziel od yem dT 
31 n od / Aod3——;* 541q-wold 501 to: noisb 


s{(deuisy 23: 10 510m womb yllsoberg lis 


291734014 


* 
a * 
= 
. i ' 
: . d ; 
6 * a 
— . Me SO TIE Ts A I os mt 
— — . — ——i r ̃²˙ ˙ ˙ em 
[1 , 


2 > 
> | 
N — 
Y n 
; \ — 
Tt rn bs 
4 | 
. a 
55 —— 2 LA, 
. VI) JB 
8 2 2 
1 — 
N 9 
3 RE £ : 


1 


» 


7 k 


** WV 


— (On \ . 9 


=_ WWW NN \ N 


ae: . F 
„ AN. - 1 nrationds ed te Yo. 
* 1.0 * ER OSHS” CO 22 — 2 — „ oe 

8 


8 
0 7 
Fg 
* 
—_— of 
- 
. - 
1 
# - % 
/ Ye o 
# ” % % 
ff 1 * 
8 
Fg % 


. 


Wes 


8 
% 
. —— — 
% * 


W 


4 N \ 
_—_ 75 \ 
» o*f's 
„„ 
- * \ \\\ 
WS W U 
, - \\ * 
n 198 \\ 
9 \ 
9 W 
o : . \ 
rr” 


K* 


3 


myJHF— — — —— — 


. * 
- ————————————————o—— 


F 


j 


— 
————  — — ———————————————————————————— ——— 


* 
— —ñEJ — wow. + 4 


r 5 9 "+ Py - 
IIS — hat, — * . 
* * 3 * 


x = 
. k * ; ! a : — — wy | — 
ele WOW; — two | b : — . — — — — — I ˙ IDEs 
0 = 
p 


—ꝓ— — — — - ” - - _ " ; 


2 1 


j 4 \ 


